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the famous DC-3 and DC-4 the ultra-modern DC-6 and DC-6B... 


“DC” means Douglas ... builder of 
. tomorrow’s DC-7, Next time, go by air! Ask for reservations on a dependable Douglas. 


Who’d ever know it was 60° below? 





Whether it’s 60° below zero outside—or 120° above— you're 
comfortable in the Douglas DC-6 or DC-6B. The cabin air 


stays in the pleasant 70’s...is perfectly humidified. ..and 


is completely replaced with fresh air every three minutes! 


“Queen of the Fleet” on these leading airlines of the world 
is the Douglas DC-6, DC-6B, or the new DC-7 : 


AA Argentine - ALITALIA Italian - AMERICAN U.S. 
BCPA (Australian New Zealand - BRANIFF U.S. - CMA Mexican 





CONTINENTAL U.S. - CPAL Canadian - DELTA-C&S U.S. 
FLYING TIGER U.S. - JAL Jopanese - KLM Netherlands - Italian , ‘ a 
*LAN Chilean - NATIONAL : “NORTH AMERICAN U.S heh Pe ppine Its sturdy wings could carry 133 tons— yet a fully 
PANAGRA U.S. - PAN AMERICAN U.S. - SABENA Belgiar loaded DC-6B weighs 531, tons. Douglas ‘bridge- 
SAS Danish Norwegian Swedish - SLICK U.S. - SWISSAIR Swiss - TAI French girder” wings are amazingly strong ... yet sleek and 
streamlined for speeds well over 300 m.p.h. 


UNITED U.S. - WESTERN U.S. *Soor 


Twice as many people fly Doi ( VAY as all other airplanes combined 
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PILATUS P-3 





PILATUS- 
FLUGZEUGWERKE AG. 
STANS 


Telephone (041) 84 14 46 


Design and production of civil 
and military aircraft 


Production of spares etc. 


Repairs and inspections 


Elementary and basic trainer 60 hp Lycoming GO-43 


PILATUS - AIR- SERVICE 


Technical maintenance, overhauls, inspection, 
repairs and ground handling for charter, 


taxi and sports aircraft 


Genéve-Cointrin, Tel. (022) 3 53 65 


Certificate of qualification from 

the Federal Air Office 

for all aircraft types up to a gross weight 

of 11,000 Ibs. also DC-3, DC-4 and C-46 
CAA-licenced mechanics for U.S.-registered 


aircraft 


Zurich-Kloten, Tel. (051) 93 73 87 
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_ ——. CABIN COMFORT 


os To give passengers cool comfort in hot summer weather, forward-looking 


eae . airlines are modernizing their cabin pressurization and air conditioning 
Pe ae " te, equipment by installing Stratos high capacity cabin superchargers and 
ts a , refrigeration units. 


‘ Capable of handling the requirements of high density aircraft, Stratos units 
are replacing older equipment in Constellations and Convairs and have 
been ordered in quantity by the Air Force. 


Stratos superchargers and air cycle units assure the airline operator the most 
for his air conditioning dollar. They have established outstanding service 
records. The highly efficient Model B-60 Bootstrap cooling unit illustrated 
below, for example, has a specified overhaul period of 2500 hours. 






——_ 


MODEL B60 REFRIGERATION UNIT 


Axial flow turbine * Rated 
Flow 62 Ibs/min. * Discharge 
temperature, approximately 
O°F.on 100° day 





FOR MORE INFORMATION WRITE : 


STRATOS 


A DIVISION OF FAIRCHILD ENGINE & AIRPLANE CORPORATION 

Main Office and Plant: Bay Shore, Long Island, N. Y. 

West Coast Office: 1355 Westwood Bivd., Los Angeles 24, Calif. 

a 

OTHER STRATOS PRODUCTS 

Air-Turbine Drives °* Cabin Superchargers ¢* Air Cycle Refrigeration Equipment 
Air Moisture Separators * Mass Flow Valves * Emergency Disconnects 
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With each succeeding year 
Air France is consolidating 
its position on the world 
market through its cons- 
tantly expanding route net- 
work, its high standard 
of maintenance, the comfort 
and service it offers passen- 


gers. 


My 7 


f 








A constructive year, as the following facts show 


The opening of several new routes brought Air France’s network up to 
250,000 kilometres. 


APRIL: Opening of the Paris-Mexico City service. 

NOVEMBER: Paris-Tokyo in 37 hours 30 minutes flying time by 
‘‘Constellation”’. 

DECEMBER: Installation of sky lounge chairs on one of the Paris- 


Casablanca services. 
New luxury service to Dakar. 


JANUARY 1953: Air France opened the Paris-Caracas-Bogota service. 





Air France is doing its utmost to bring the aircraft within reach of all : 


— ‘‘ tourist class” has been introduced on some routes. 
— major reductions have been agreed to on others. 









Air France is constantly improving and modernizing its fleet. During 1952, 
the famous Lockheed ‘‘Constellation’’, nicknamed the “‘Atlantic favourite”’, 
came into general use on the principal routes. 


‘“‘Super Constellations’’, Vickers ‘‘Viscounts’’, 
de Havilland ‘“‘Comets” and Bréguet ‘‘Deux- 
Ponts” have been ordered and will be put 
into service in 1953. 





Air France has a powerful organization at your service. 
Why not make it your first choice among airlines ? 


AIR FRANCE 


~ 
wD 
ws 
w& 
travel agencies and Air France — Paris: 119, Champs-Elysées, Balzac 70-50; 2, Rue Scribe, Opéra 41-00 ; 30, Rue du Faubourg 
Oissonniére, Taitbout 46-00, 52-02, 53-00 — Bordeaux : 12, Cours du 30 Juillet, Tel. 66-51 — Lyons: 10 bis, quai Jules-Gourmont, 


ay Gailleton 57-01 — Marseilles: 62, La Canebiére, Tel. National 38-63 — Nantes: Palais de la Bourse, Tel. 342-52 — Nice: 
» Avenue Gustave V, Tel. 879-51 — Strasbourg: 22, Rue du Vieux-Marché-aux-Vins, Tel. 212-74 — Toulouse : 2, Boulevard de Stras- 


bourg, Tel. Ma 84-04. 





Radar for the Jet Age 


The rapid and safe landing of the modern fighter demands a radar of the highest 
quality — accurate, reliable and speedy in operation. Decca Airfield Control Radar 424 
fulfils the most exacting requirements at an exceptionally low cost. Achieving a 
landing rate previously impossible, it adds vital minutes to operational sorties: 


DECCA AIRFIELD CONTROL RADAR 


DECCA RADAR LIMITED, 1-3 Brixton Road, London, S.W. 9, England 





THE TWO NEW FIAT TRAINERS 


FIAT G #0 turbojet trainer 
FIAT Gi 49 basic trainer 


FIAT DIREZIONE AVIAZIONE - Corso IV Novembre 300 - SURIN 


619 





Brussels 





Paris Amsterdam Denmark Milan 








Geneva Be° p00 f 


fetta. ao tnauyuraled a 


G.C. A. 
LANDING RADAR 


THOMSON- HOUSTON 


COMPAGNIE FRANCAISE THOMSON-HOUSTON 


WES emeritus 
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Paris (8) Tél. ELYsées 83.70 Télégr. ELIHU-42-Paris 
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GENEVA === 


gateway to French Switzerland, Lake Geneva and the 4 a 
= 
a : 


Mont Blane district, offers all the advantages of « 


tourist centre 











MAHRER 


a 


with its lake, its parks, its summer university courses, its international meetings, 


events and institutions. 


ll i patient nace 


INTERCONTINENTAL AIRPOR 
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Mach-Crainer 


FOKKER S. 14 TWO-SEAT JET TRAINER 








PERFECT TRAINING 
on a 
PERFECT AIRCRAFT 





ATA R 


TURSO)ET 


ULILCAIN 


iatsatiatiada 





JET DEVIATOR 


SOCIETE NATIONALE 


o’ ETUDE etoe CONSTRUCTION be MOTEURS ‘AVIATION 


150, Boul. Haussmann, PARIS - 8¢ 
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Ht RADIO - TELEPHONE 


PV Ae pe 


“FOR AIRFIELD COMMUNICATIONS 












Ranking high among the benefits derived from V.H.F. 
radio-telephone communication is the control of mobile vehicles and 
personnel. The Pye “ Reporter ” fulfils this function in 


admirable and versatile fashions. 


A compact and economical equipment, it is designed 







to fit neatly under vehicle dashboards but is also 
available in transportable form. Reason enough that it 
should feature so prominently in over two-thirds 

of the V.H.F. schemes in the United Kingdom. 


Pe 


Telecommunications 





PYE LIMITED © CAMBRIDGE . ENGLAND 
5A/2 
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ZZ "RELLUMIT” 


— »RELLUMIT” 


developed the “ Rapid Safe Filler” for aircaraft tanks and showed it at 
the First Air Safety Congress in Paris (December 1930). 


Having specialized since then in the design and production of refuelling 
equipment for aircraft, “*“RELLU MIT”? places its long experience at 
your service. 

RELLUMIT’s equipment, of rational and economical design, 
and patented in many countries, is simple, easy to maintain and abso- 


lutely reliable. 


PUMP GROUPS 

DISTRIBUTION AND CONTROL EQUIPMENT 
MICROMETRIC FILTERS FOR ALL DELIVERY 
RATES AND ALL INDUSTRIES 














ALL OF 


DEVELOPMENTS ARE AT YOUR SERVICE 














GOO O2HOOOO0O 


will be pleased to give you any 


“RELLUMIT’”’ $ /23, avenue Général-de-Gaulle, LA GARENNE-COLOMBES (Seine) France. 
“RELLUMIT-LONDON” Chandos House, Palmer Street, LONDON (England). 
“RELLUMIT-BURO”?’ 73, Schreyerstrasse, KRONBERG a/Taunus (Germany ). 
“RELLUMIT-SEDE ROMA” Via San Marino 46-48, ROME (Italy). 

Licence holder for filters FAUDI-FEINBAU, Im Diezen, 4, OBERURSEL - Taunus - (Germany ). 
Licence holder for Couplings : Gebriider HE Y NE, Ludwigstrasse 178, OFFENBACH Am Main (Germany ). 
ae: 

Mr. RUBISSOW, 420, Riverside Drive, NEW YORK (United States ). 

M. BEURET, Casilla de Correo 3419, BUENOS AIRES (Argentina). 

BELOS, Alviksvégen, 30, STOCKHOLM-BROMMA (Sweden). 





information you may desire. “ RELLUAIT ” 
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dhe essence of 
WY modern atr defence 


An Air Force whose combat planes are only day-fighters is, in effect, one armed. But strict 
economy, even in defence, is essential to all nations today, and so any country dependent for 
its safety on a powerful air defence force must choose not merely the most up-to-date and 
efficient aircraft, but also the most versatile and economical. Its fighter aircraft must be capable 
of more than one role. 
The Royal Swedish Air Force has followed this principle in its procurement of combat aircraft. 
A striking example is the swept-wing Saab-29 jet fighter — now also available for export 
p which is being produced for three different military duties. 
/ The next important step in the Swedish Air Force modernization programme is that centred 
around the 700 mph (over 1,100 km/h) Saab-32 Lansen all-weather jet, which has been chosen 
to become the standard all-weather attack aircraft. The Lansen is also most suitable for several 


other purposes requiring first class combat performance, including night and all-weather inter- 


> ll! 


She a versatile and ultra-modern all-weather jet aircraft 


——86e-——— SVENSKA AEROPLAN AKTIEBOLAGET-: SAAB AIRCRAFT COMPANY: LINKOPING: SWEDEN 


ception. 





















Power to spare 


“pet Constellation 


A new standard of travel awaits you. 


The world’s most powerful air transport with plenty of margin to go around and over the weather. 
[his means on-time arrival and departure. 










yr 











® 
Biggest! Five separate cabins to roam through! 
New comfort! Commodious lounge - Henry Dreyfuss designed interior arrangement 


and styling - new meaning to “luxury aloft”. 





Non-stop! More flight range than ever before available - in practical airline 
service. The newest type proven turbo-compound engines. 
13 000 horsepower. 








Fastest! Hours quicker to destination than ever before! 

All over the world the swing is to Super-Constellation style. 18 airlines, and more soon, 
have bought this plane for practical, dependable airline transpor- 
tation. 


Four times as many as nearest U.S. type. 
More than twice as many as foreign jet types. 











It costs no more to fly the best 


Lockheed 





Lockheed Aircraft Corporation USA 
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1952-1953 OFF-SHORE ORDERS 


According to a report released by U.S. Armed Forces Headquarters in Europe, the U.S. Air Force, Navy 
and Army have placed off-shore contracts with fifteen European countries to a total value of $1, 596, 000, - 
000 during the 1952-1953 fiscal year (roughly two and a half times as much as in 1951-1952). More than 
90% of the orders went to the following five countries: France, $693, 435,000; Great Britain, $361, 211,- 
000; Italy, $240, 996,000; Belgium, $89,114,000; Holland, $52,477,000. The remaining $138, 767, 000 
are shared between Denmark, Germany, Greece, Luxembourg, Norway, Portugal, Spain, Switzerland, 
Turkey and Yugoslavia. An interesting point is the inclusion of a country such as Switzerland, which is not 
a member of N.A.T.O. 


U.S. WEATHER SHIPS TO BE WITHDRAWN 


On October 22nd the United States surprised the Secretariate-General of the International Civil Aviation 
Organization with the announcement that it proposes to withdraw from the Weather Ships Agreement which 
is due to expire on June 30th, 1954. Under this agreement, concluded in 1946, fifteen 1.C.A.O. coun- 
tries maintain twenty-five weather and rescue ships in the north Atlantic, ten of which are always in op- 
eration. The United States maintain fourteen of these ships, five other 1.C.A.O.countries support eleven, 
while the remaining nine countries make financial contributions. - Contrary to certain expectations, the 
majority of the airlines operating across the north Atlantic consider that flying safety over the Atlantic 
would not suffer even if all the weather ships werc withdrawn. 


BASE AGREEMENT U.S. A.-GREECE 


An agreement signed within the framework of the North Atlantic Treaty and valid until 1969 provides for 
the joint utilization of a number of Greek naval and air bases by both Greek and American forces. 


EXCHANGE OF ATOMIC INFORMATION 


British Minister of Supply Duncan Sandys has urged the resumption of the exchange of information on 
atomic weapons between America and Britain interrupted since the "Fuchs affair". Sandys considers that 
such an exchange of information could benefit both governments in the same way that "their respective 
armed forces now profit from close collaboration in development of guided missiles" (... the first official 
indication of the existence of such an agreement). - The same demand has been made by Prime Minister 
R.G. Menzies for Australia. The Australians are worried about the tremendous sums being spent on atomic 
research by each of the Anglo-Saxon countries, when proper co-ordination could probably reduce costs. 


RE-EVALUATION REPORT ON U.S. ARMED FORCES 


The Joint Chiefs of Staff has now submitted its long-awaited report on the re-evaluation of the roles and 

missions of the U.S. armed forces to Secretary of Defense Charles E. Wilson. One of the most important 

questions discussed, the respective strengths of the U.S.A.F. and naval aviation, had for some time been 
the subject of heated controversy. 


N.A.T.O. EXERCISE "LOST SHEEP" 


The first N.A.T.O. exercises east of the Dardanelles took place at the end of October, with Italian, 
Greek, Turkish and American air forces taking part. The name of the exercise was "Lost Sheep". - An 
interesting point in this connection is the recent establishment of a new Tactical Air Force, with head- 
quarters at Izmir, Turkey, to be known as the 6th Allied Tactical Air Force. It will have a combined 


Greek, Turkish and U.S. staff, 
STATION NORTH 


The most northerly meteorological and air base in Greenland was inaugurated on Princess Dagmar Penin- 
sula (Latitude 82°), east coast »f Greenland, at the beginning of October. Station North, which has 

an 8,000 ft. runway, is capable of handling big bombers and heavy transports, and is eight hundred miles 
nearer to Moscow than is Thule. 
































































* From INTERAVIA's world-wide news service, including INTERAVIA AIR LETTER, the daily international aviation news digest. — No part may 
be reproduced without written permission. 














T.W.A. INCREASES ORDER FOR SUPER CONSTELLATIONS 


Lockheed Aircraft Corp. reports that Trans World Airlines increased its recent order for eight Super Constel- 
lations to a total of twenty aircraft on October 22nd. Total value of order: $40,000,000. Deliveries are 
to be made between February and June 1954. 


1.A.T.A.'s TENTH ANNUAL MEETING FOR PARIS 


At the final session of the Ninth Annual General Meeting of the International Air Transport Association it was 
agreed that the Tenth Annual General Meeting should be held on September 13th, 1954 in Paris. President 
for the 1954-1955 year is to be Max Hymans, Chairman of the Board of Air France. 


INDEFINITE EXTENSION OF AMERICAN COACH SERVICES 


In anticipation of the expiry on December 3lst, 1953 of the American coach or tourist service fare agreement, 
the U.S. Civil Aeronautics Board has issued a statement that the success of domestic coach operations justifies 
the indefinite extension of existing services. To encourage the opening of new coach services, C.A.B. has 
decided that fares on new routes will not be officially stipulated, provided the statutory standards for the 
regions in question are maintained. The only conditions laid down are: (1) Limitation of hours of departure 

for off-peak (night) services.(2) A minimum seating density for tourist class aircraft (for example Douglas DC-4, 
64 seats; DC-6, 72 seats; DC-6B, 76 seats; Lockheed 049-749 Constellations, 79 seats; 1049 Super Constel- 
lation, 88 seats). (3) No free meals or drinks except coffee, tea, etc. 


THE AMERICAN JET TRANSPORT STORY 


From Washington comes the surprising news that Boeing Airplane Co. may drop its project for a four-jet com- 
mercial transport, known as Project X or Model 707. ‘The aircraft may instead be offered as a turboprop cargo 
transport for the U.S. Air Force. On the other hand Compzny President Donald W. Douglas recently told the 
Fresno, Calif., Chamber of Commerce that his Company is "making most satisfactory progress" in the develop- 
ment of a "practical and dependable" jet transport. However, the main object of an aircraft is to make money, 
not headlines. Consequently, construction would not begin until satisfactory answer. had been found to such 
problems as initial purchase and maintenance costs, market prospects, noise control, economical fuel consump- 
tion, range (for trans-oceanic operations), airports, operating safety in metropolitan areas. 


FAIRCHILD WINS OVER CONVAIR 


The U.S. Air Force's production contract for the Chase C-123 troop transport has gone to Fairchild Airplane 
and Engine Corp. - instead of to Convair, as Washington aviation circles had predicted. According to 
U.S.A.F. Secretary Harold E. Talbott, Fairchild's bid was 10% lower than the next lowest. - The order in 
question is the one that was originally given to Kaiser-Frazer Corp. The C-123s were to have been built at 
Kaiser-Frazer's Willow Run (Detroit) plant, along with a large order for Fairchild C-119 Packets. However, 
the U.S.A.F. cancelled its orders with Kaiser-Frazer, because the price of a Packet built by this firm had 
been found to be more than four times as high as Fairchild's price ($1, 339, 140 compared with $265, 067). 


DASSAULT MYSTERE IV REACHES MACH 1.08 


From Rouen comes a report that Marcel Dassault's chief pilot Colonel Constantin Rozanoff has reached a speed 
of 832 m.p.h. in a Dassault MD 452 Mystére IV. The speed, equivalent to Mach 1.08, was obtained during 
a dive from 42, 700 ft. to 9, 800 ft. Rozanoff is now preparing for an attack on the world speed record, held 
by the U.S.A. 




















WORKSHOP BRIEFS ... 


The Lockheed RC-121C long-range radar reconnaissance aircraft derived from the Super Constellation is being 
tested with the U.S. Air Force. It is also being produced for the U.S. Navy, under the designation WV-2. 

* At the end of September Ryan Aeronautical Co. announced a new two-seat version, the Model 72, of its 
well-known Navion touring aircraft. The Ryan 72 is a military trainer with side-by-side seats. * The 
Convair XF-102 delta-wing all-weather fighter began flight testing at Edwards Air Force Base, Calif., on 
Océgober 24th. * According to unconfirmed reports, Canadair is «aid to be working on a patrol bomber to be 
fitted with Wright compound engines. * Aviation Traders (Engineering) Ltd. has begun building the prototype 
of its Accountant twin-engined short-,tage commercial transport. * The SFECMAS 1402, an experimental 
aircraft (SNECMA ATAR turbojet) derived from the SFECMAS 1302 delta-wing glider, has been completed and 
is to be flight tested at Istres. * Société Fouga announces an economic cruising speed of 375 mph at 36, 000 ft 
for its projected Fouga CM.190-R turbojet four-seater; max. range 830 miles. 
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Rockets for Peace and War 


The subject of rockets is today being discussed by all and sundry 
with the same airiness as is found in many speeches and articles on 
atomic energy. This situation is not without its hazards... 

First the question of principle: is the rocket to be a pure instrument 
of destruction or is it also to be developed into a peaceful means of 
communication ? The decision is not in the hands of the engineers who 
are working on rocket development, but in those of the politicians. To 
draw the latter’s attention to the possibilities dormant in the rocket and 
remind them of their responsibility would seem to be a worthwhile task. 

At present the rocket is being developed primarily as a defensive 
weapon. It is being studied, in the form of a remote-controlled anti- 
aircraft rocket or fighter rocket, in nearly all countries and even built in 
some of them, chiefly in the U.S.A., the U.S.S.R. and Switzerland. Its 
mission is to bring down high, fast-flying bombers, since fighters with 
normal armament can practically no longer do so. However, this mis- 
sion of the rocket will be of limited duration only and in a few decades 
will belong to the past. 

Tomorrow the rocket may become a weapon of attack against which there 
is no defence. But was it not already so yesterday ? There was no defence 
against the 2,700 V2 type rockets which fell on Southern England and 
Antwerp during the last war. “Fortunately” they had “‘only” 2,200 lbs. 
of chemical explosive in their nose... and not an atomic warhead. 

It is now claimed that improved Vzs are being produced in quantity 
in the Soviet Union, with ranges of 370 miles and more (cf. the article by 
K. W. Gatland in this issue). Such rockets already represent a serious 
threat to Western Europe and could well menace the British Isles and 
possibly one day even the New World. That the Soviet Union possesses 
atomic explosives is officially recognized. 


* 


These are the beginnings of the whole problem. According to a 
project worked out by Dr. Eugen Sanger, the well-known rocket expert, 
towards the end of World War II (cf. /nteravia No. 3, 1953), a manned 
rocket bomber could reach any point on the earth within 75 minutes and 
get back to its point of origin within about 150 minutes. The cost of 
developing such a super-swift long-range weapon was estimated by 


Dr. Sanger at approximately $10,000,000,000, a sum which both the 


United States and the Soviet Union could raise without excessive diffi- 
culty. A frightening prospect ? Only if the world is mad enough to go 
to war again, and if the war should last long enough... 

But there are other possible lines of development : A future England— 
New Zealand air race could be won by a manned rocket aircraft in about 
75 minutes—instead of 24 hours as in 1953. Mail from New York could 
reach European centres such as London or Paris within 30 minutes. 
Such rocket flights would take place in the upper limits of the atmosphere 
and thus bring us one step nearer to space travel. 

Space travel is today being seriously discussed by scientists from all 
lands, as is shown by a report on the Fourth International Astronautical 
Congress in Zurich, published in this issue. Even though, within the 
foreseeable future, we may only get as far as sending out unmanned 


> 


earth satellite vehicles, such “peaceful envoys,” with their radio, tele- 
vision and recording instruments, will open completely new possibilities 
to science, not least in the field of meteorology. 

Other peaceful research tools are the model rockets (for the transonic 
range) used by the United States National Advisory Committee on 
Aeronautics or the supersonic rocket sled of North American Aviation 
Inc. (for testing parachutes and ejector seats). And JATO rockets can 
enable jet aircraft to take off from any airfield at any altitude and at 
any temperature, without danger. 

* 

The science of rockets, like other technical sciences, is neither moral 
nor immoral. It gives mankind no maxims, prescribes no rules of 
behaviour. It merely opens possibilities for man’s use... for good or 
for evil. 

The present issue, based on such considerations, is intended to give a 
brief outline of the present stage of rocket development. Professor 
Dr. Theodore von Karman, a reader and friend of many years’ standing 
—who has just been granted an honorary degree by a 12th university— 
has done us the honour of introducing this brief review. His name is a 
Our 


aim is neither to glorify a murderous weapon nor to break a lance for 


guarantee of our intentions and reminds us of our obligations. 


impossible Utopias. We are merely fulfilling our duty of keeping our 
readers informed... in the hope that what we print may perhaps reach 


one or other of our politicians. 


Peaceful uses of the rocket : North American Aviation Inc.’s supersonic rocket sled (left) and N.A.C.A. model rocket (right). The sled, which has a bi-propellant rocket engine of 
50,000 Ibs. thrust, reaches a speed of roughly 1,500 m.p.h. on the 10,000 ft. rails and is used to test parachutes or ejector seats; it is braked by a scoop lowered into a trough 


of water. 
transonic range. 
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The N.A.C.A. measuring rocket shown (with large booster) is designed to help ascertain the aerodynamic behaviour of a swept wing with external tanks in the 
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CaPpvT xX, 


De variis Rochetarum vitiis, quomodo illa vitanda, & quid 
obfervandum ut rité conftruantur, 


rimum, ac primarium Rochetarum vitium eft, cum vel eodem mc. 
mento duin incenfx fuerint, vel ad altitudinem unius duarumyé, 
aut trium perticarum in acrem fublatz , difrumpuntur. 
Huie¢ vicinum alterum eft, dum faper clavo fufpenfe exuruntne leniffi- 
meé, & humi remanent. 
Tertium, cum in aére iride quadam, aut circulari arcu defcripto: & 
non dum rota exufta materia , ad terram redeunt. 
Quartum, cum fpiraliter & intorté, helicis aut terebre in modum , & 
tremuleé afcendunt. 
Quintum, cim languidé & fegniter nimis, ac quafi qaodammodo dedi- 
gnantes recufantefque in fuperiora afcenfum,feruntur. 
Sextum denique , cum tubi vacui fuper clavis remanent 
materia verO conflagrat in acre. 


The ancient language of rocketry ... Title page and extract from the Artificer’s hand- 
book “Artis magnae artilleriae’’ by Casimir Siemienowicz, former Royal Polish artillery 
officer, published in Amsterdam in 1650 (lent by Colonel John J. Driscoll). A translation 
of the Latin text follows : 

Chapter X. Of the various failings in rockets, how to avoid them and what to do to 
construct them properly. Firstly, the chief failing in rockets is that they explode 
either at the moment of ignition or that they fall to pieces when one, two or three 
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A few Comments on Rocketry 


BY PROFESSOR THEODORE VON KARMAN, PARIS 
CHAIRMAN, ADVISORY GROUP FOR AERONAUTICAL RESEARCH 


AND DEVELOPMENT, N.A.T.O. 


Risen an ancient branch of pyrotechnic and military art—has 
celebrated a spectacular revival in the last fifteen years. Assertedly a 
Chinese invention, the rocket represents the purest type of jet-propul- 
sion or propulsion by the principle of reaction, It is classified as the 
purest type, in contrast to the turbojet and the propeller, since even the 
functioning of the propeller is based on the principle of reaction. In 
fact, the propeller accelerates the air mass passing through the propeller 
disk, and the thrust can be considered as the reaction of the accelerated 
propeller jet. The difference between a propeller and a turbojet lies 
essentially in the method by which the acceleration is achieved by me- 
chanical work ; in the case of the turbojet (and the ramjet) the accelera 
tion is produced by introducing heat energy into the air mass by means 
of a chemical or, at some future time, by a nuclear process. 

The rocket ejects matter (or radiafion, as visualized in the imagination 
of some planners of future rocketry) which is entirely carried in the 
vehicle to be propelled. Combustion chamber and thrust chamber are 
identical, and the propulsive thrust is created by the reaction of the 
gases produced under high pressure and high temperature. 

This method of thrust production has two characteristic features 
which determine the fields of application of the rocket. The two features 
are : combustion independent of atmospheric oxygen ; and concentra- 
tion of large thrust in a device of small volume and small weight. The 
extreme simplicity must also be noted. This self-contained character 
and simplicity of the rocket device have made it invaluable for pyro- 
technic application in the signals field since the Middle Ages, and as an 
auxiliary weapon to artillery since the early nineteenth century. 

However, in the middle of the nineteenth century, the general intro- 
duction of the rifled gun barrel, coupled with the conical projectile, 
greatly increased the accuracy of the cannon and temporarily eliminated 
the rocket as an artillery weapon. It was not until the beginning of 
World War II that the rocket was reinstated, primarily in the form of a 
barrage weapon. ‘The new success of the rocket was once again due to 
its simplicity, low cost and rapidity of production, with volume of fire 
as the principal requirement. Some resistance was initially offered by 
military technicians of the old school, In addition, scientists and engi 
neers—both civilian and military—-were rather sceptical of the rocket’s 
practical value. I recall a high-ranking officer—in charge of certain 
technical developments—whom I tried to interest in some military 
applications of rocket propulsion. He finally said : “I expect that the 
next time you walk in my office you will suggest that I use rockets for 


moving my chair from one desk to the other. 


tubes have risen into the air. This is the second failing, that they burn out very slowly 
while suspended on their framework and remain on the ground. Third, when the air is 
damp, that they neither describe a curve nor burn out all their filling, and return to the 
ground. Fourthly, when built spirally or twisted, they ascend jerkily in a corkscrew or 
zig-zag motion. Fifthly, that they are made too slow and sluggish so that they, so to 
speak, refuse to rise. Sixthly and lastly that the empty rocket tubes remain above the 


framework while their contents burn in the air. 
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Today, a wide field of application is open to the rocket, beginning 
with the relatively modest aim of helping aircraft take off from a short 
runway, to the rather ambitious scheme of travelling to far-away planets 
of our solar system. In between, we have : the high-altitude sounding 
rocket; the long-range ballistic rocket projectile ; all the various kinds 
of guided and homing missiles, which may use rockets either for an 
initial boost or for sustained propulsion ; and finally, the rocket for 
propulsion of inhabited aircraft, either as an exclusive or additional 
propulsion device for super-performance. 

Although much valuable pioneering work was done—both in the 

fields of speculation and experiment—in the era prior to World War II, 
the essential progress has been achieved in the last fifteen years. And, of 
course, as with all technical developments the rocket has its limitations 
and problems. 

The limitations are given by its virtues. Its self-contained character, 
and its independence of atmospheric oxygen results in a relatively high 
consumption of propellants. Since the rocket in principle is restricted to 
short-time applications, its simplicity of construction makes wide-range 
thrust control extremely difficult. The solid-propellant rocket is not 

controllable at all ; once started, it has to burn its entire propellant charge. 

The problems remaining to be solved cannot be fully enumerated ; 
only a few examples may be mentioned. Combustion instability is a 
common problem in the design of all combustion devices, particularly 
in jet engines. It appears, however, that in rockets more evident instabil- 
ity, or large amplitude pressure oscillations, can occur than in devices 
using atmospheric air. Perhaps this is due to the terrific concentration 
of heat production ina relatively small volume. A coal furnace normally 
operates by liberating 30,000 to 35,000 BTU per cubic foot an hour. 
The upper limit for a modern furnace is estimated to be about equal to 
100,000,000 BTU/cu.ft./hour. The figure for combustion chambers in 
jet engines lies between 50,000,000 and 150,000,000, whereas a rocket 
motor releases more than 500,000,000 BTU/cu.ft./hour. 

Theoretical and experimental investigations have, in recent years, 
contributed much to the elimination of combustion instability in rockets, 
but full comprehension of the combustion process has not yet been 
reached. 

While the scientists and engineers have such complex design head- 
aches, the users, especially the military, have complex logistics worries 
because of the unusual handling and storage characteristics of the ma- 
jority of efficient propellants. We—the scientists and engineers—believe 
that the logisticians do not make sufficient efforts to accommodate the 
best propellants ; but the logistics experts say that it is the duty of 
science and technology to develop propellants and rockets which elimi- 
nate the supply headaches. 

(mong fundamental problems for future evolution one may mention, 
first, the development of heat-resisting materials, methods of cooling, 
and heat transfer which would allow the full utilization of energy 
obtainable from the best known standard propellants. Second, there is 
the question of developing new chemical propellants with higher energy 
output or, more exactly, higher specific impulse (thrust multiplied by 
time of action and divided by the weight of the propellant consumed). 
Finally there is the problem of the nuclear rocket, at least in its clearest 
form, which uses a nuclear process to supply heat to a fluid with low 
molecular weight. Even this proposal involves, of course, the still 
unsolved problem of extracting a controlled amount of heat from the 
nuclear reactor and transferring it at high temperature to the “working 
fluid.” Furthermore, the necessary shielding presents a weight prob- 


lem. However, for large rockets, the weight of shielding may be 
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balanced by the reduction in the weight of the matter which would 
have to be ejected by an ordinary rocket. 

Up to now we have considered the rocket motor. If we consider the 
rocket as a vehicle or projectile, we must then face further complex 
problems of navigation and guidance. During the past ten years, these 
problems have been the object of extensive study by a large number 
of competent aerodynamicists, astronomers, electronics engineers, and 
mathematicians. Progress has been made in astronomic navigation for 
long-range vehicles, although simple considerations show that a full 
elimination of so-called “dead reckoning” (which involves integration 
of linear and/or angular accelerations and velocity) cannot be fully 


avoided. We know that such integration faces the problem of accumu- 














Delta-wing rocket and wingless multi-step rocket... from ©. Siemienowiez’s book. 
The latter consists of three tubes inserted one inside the other (each with combustion 
charge in nozzle) with ignition charges in between. (Colonel John J. Driscoll’s library.) 


lated errors. Short-range missiles—like ‘tbeam-riders,”’ “‘radar homers,” 


and “infrared homers’’—offer such aerodynamic problems as the combin 
ing of adequate stability with the production of the high lateral accelera- 
tion necessary to follow an evading target. The computation of pursuit 
curves and collision courses, and the determination of kill probabilities 
constitute difficult problems for the mathematician and the guidance 
system designer. 

In the days when talk about the era of guided missiles first appeared 
in the public press, an Air Force General was asked to give his opinion 
as to how soon we shall have fully-automatic warfare. He took from 
his pocket a common doorbell push-button, and said : “This component 
Without 


revealing secrets, one can state that many additional components have 


of the system has been fully and successfully developed.” 


been successfully developed since that time. However, the question 
whether or not a human pilot is more capable of seeing and doing 


things than a mechanical brain is still open to discussion. 
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American Rocket Missiles 


1-2 unguided aircraft rockets; 3-5 guided aircraft 
rockets; 6-10 anti-aircraft rockets; 11-12 ground 
rockets. 














No. Maker Type Service 

| 1 | Aerojet Aeromite USAF 

|} 2}]— Mighty Mouse USAF, NAVY | 

3 | Fairchild Firebird USAF 

| 4] Douglas Sparrow NAVY 

5 | Hughes Falcon (XF-98) USAF 

Oe (a Te — 

| 6 | Boeing GAPA Experimental | 

| 7] Boeing Bowmark (XF-99) | USAF 

| 8| Fairchild Lark NAVY, USAF 

| 9] Convair Terrier NAVY 
10 | Douglas-Aerojet | Nike ARMY 
11 | General Electric | Hermes ARMY 

| 7" Douglas Corporal E ARMY 


The U.S. Air Force’s pilotless bombers, Martin B-61 
Matador, Northrop B-62 Snark, Bell B-63 Rascal, North 
American B-64 Navaho, are fitted not with rockets but 
with turbojet engines. In the same category are the 
Fairchild Pefre/ air torpedo (with J-44 engine) for air 
attack on shipping and the Chance Vought Regulus 


carrier-based guided bomber. Three examples of anti- 


aircraft rockets are illustrated below. 





U.S. NAVY: A recent version of the Fairchild Lark 

with improved take-off rocket and modified remote con- 
trol system—leaving its launching stand on the U.S.S. 
Norton Sound. Guided missiles of the Lark type are also 
being tested by the U.S. Air Force and the U.S. Army. 





U.S. AIR FORCE : The pilotless Boeing F-99 Bowmark 
interceptor is fitted with a rocket engine (in rear fuselage) 
and a ramjet (under the fuselage). Another large rocket 
is used to assist take-off. 


U.S. ARMY : The Douglas-Aerojet Nike (with launching 
rocket), controlled by radio from the ground, reaches 
It is exploded near the enemy 


very high altitudes. 
bomber by ‘detonation command.” 





















America’s Growing Rocket Industry 


BY DR. A. L. ANTONIO, TECHNICAL DIRECTOR, SOLID ENGINE & CHEMICAL DIVISION, 


AEROJET-GENERAL CORPORATION, AZUSA, CALIFORNIA 


Ass the accompanying survey of American rocket projectiles (and their jet-powered sister missiles) shows, 
all the major aircraft firms in the United States are now engaged in the development of “fantastic new weap- 
ons.’’ The number of sub-contractors for accessories and radio equipment runs into hundreds. 

It is scarcely credible that this branch of the industry is not yet 12 years old. American aircraft manufac- 
turers did not acquire a taste for guided missiles until after the war. Thus Aerojet-General Corporation 
(formerly Aerojet Engineering Corp.) founded in Azusa, Calif., in 1942, is the oldest representative of 
America’s rocket and guided missile industry. In the following article a leading member of Aerojet describes 


the role of this industry. 


Teh rocket-powered missiles fall into 
two primary categories : the unguided ballistic 
missile which is aimed at the target as is an 
artillery shell, and the guided missile which is 
directed to the target after launching. Exam- 
ples of the first category are the new 2.75 inch 
solid-propellant air-to-air rockets. In the 
second category of missiles are the Douglas- 
Aerojet Nike and Convair Terrier ground-to- 
air missiles and the Douglas Sparrow and 
Hughes Fa/con air-to-air missiles. 

As a representative organization in the 
rocket industry of the USA, particularly as 
regards the types of scientists and engineers 
engaged in the resolution of the problems, we 
shall take the Aerojet-General Corporation. 
This company in its eleven-year career has 
grown to approximately 2,700 employees, of 
which approximately 500 are professional per- 
sonnel and another 400 are skilled draftsmen 
and technicians. The major classification 
among the professional personnel are mechan- 
ical engineers representing 50% of the total, 
chemists and chemical engineers representing 
20% of the total, electrical and electronic en- 
gineers 8 %, mathematicians and physicists 4%, 
metallurgists, industrial engineers, and others 
the remaining 18%. 

These men are engaged in the study of 
problems of great diversity ranging from the 
most fundamental research on mechanism of 
combustion to the design and construction of 
pumps and turbine wheels. They include men 
highly skilled in the design of specialized metal 
components which must maintain their 
strength at high temperature under rates of 
heat transfer that are very much higher than 
those normally encountered. These compo- 
nents must be designed to minimum weight, 
since saving of weight in a rocket power plant 
is compounded many times over through a 
proportionate saving in fuel which, in turn, 
allows reduction in the over-all size of the 
vehicle and therefore in over-all weight and in 
the size of the power plant. 


INTER &< AVIA 
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Considering the new military specifications 
for certain new rocket-powered weapons, one 
might say that the rocket designer’s task is 
simple indeed. All that is required is to de- 
liver total impulse of the order of hundreds 
of thousands of pounds/seconds in a power 
plant having a combustion chamber of zero 
weight... Needless to say, the designs now 
in development have not achieved this require- 
ment, but they have advanced far from the 
designs existing at the end of the last war. 

In the modern liquid propellant rocket, the 
design and development of gas generators, 
turbines, and pumps are fully as important as 
the design and development of the combustion 
chamber itself. Compact gas generator and 
turbine drive units of the highest horsepower 
weight ratio ever achieved in such combina- 
tions have been developed by the rocket in- 
dustry. Consequently, the several professional 
skills usually associated with mechanical engi- 
neering practice are demanded in this work. 

Most organizations engaged in the rocket 
industry must of necessity call upon other 
industries in the performance of their work. 
The petroleum and chemical industry have 
cooperated continuously in the effort to de- 
velop new and better fuels and oxidizers for 
liquid rockets. Producers of raw materials 
for the plastics industry are playing a signifi- 
cant role in providing new constituents for 
solid propellants. The steel industry is called 
upon to provide light-weight, high-strength 
alloys for fabrication of combustion chambers, 
gas generator, and pump components. The 
rocket industry is, of course, following closely 
the rapid development of titanium as a con- 
struction material since it offers the promise of 
a significant reduction in weight in new designs 
of high performance. To a degree, even the 
agricultural industry is linked with the rocket 
industry since certain chemicals required by the 
latter are also producible in the same plants that 
provide fertilizers, defoliators, and weed kil- 
lers. As one would expect, there is a close link 
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between the aircraft industry and the rocket 
industry, making it quite natural that the rocket 
industry has found on the U.S. West Coast an 
industrial climate well suited to its needs. 

It is generally conceded that industrial par- 
ticipation in a continuing program for devel- 
oping and producing new weapons of defense 
will grow to an even greater degree than has 
been evident in the past. Speaking for the 
rocket industry, it is our opinion that it will 
continue to play a significant role. The trend 





A number of American universities and, above all, the 


National Advisory Committee on Aeronautics are 


engaged on rocket development. A N.A.C.A. experimental 


rocket with cruciform delta wings and delta control 


surfaces on its launcher. 


of development in aircraft power plants points 
unmistakably to a greater demand upon this 
industry. It follows a straight line from the 
propeller engine via the turbojet and ramjet 
to the rocket engine. There appears at this 
time no theoretical limitation to prevent these 
demands being fulfilled. 

Dr. Eugen Sanger, in an article in /n/eravia 
Review, No. 3, 1952, also predicts the inevitable 
trend toward rocket-powered aircraft. The 
task is not an easy one as might be judged by 
Dr. Sanger’s estimate that the first effective 
defense rocket operating in the Mach number 
2 to 4 range will have cost 2,000,000,000 dol- 
lars by the time it has been perfected for service 
use. The rocket bomber itself, which must be 
developed to operate effectively against the 
defense rocket, may cost 10,000,000,000 dol- 
lars to develop. In terms of such long-range 
analyses, it is apparent that we have barely 
begun the task of meeting the challenge which 
faces the rocket industry. 
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The Aerobee Research Rocket 


BY DR. A. L. ANTONIO, AZUSA 








The Aerobee has a diameter of 15 inches and is 26 feet long, including its launching rocket. 


The Aerobee, developed jointly by Aerojet- 
| General Corporation, Douglas Aircraft Com- 
| pany and the Applied Physics Laboratory of 
| Johns Hopkins University, is used for research 
| in the upper air. It is 20 feet long and 15 inches 
in diameter. The JATO booster which is 
used for additional thrust upon launching 
_adds another 6 feet to the overall length. The 
| gross vehicle take-off weight is approximately 
1,160 lbs. 

Launching is accomplished from a tower 
The tower 
is required to provide guidance in the initial 


| approximately 150 feet in height. 


period until the velocity is sufficient for the 
The 
launching towers in New Mexico (Alamogordo 
and White Sands) were both designed and 
The 
towers are provided with a tilting mechanism 
which 
winds in order to maintain impact within the 
limits of the test range. Therefore, limitations 


fins to provide aerodynamic stability. 


erected by Aerojet-General Corporation. 


allows compensation for observed 


imposed upon launching schedules by weather 
conditions are minimized. 

The Aerobee vehicle is powered by a bi- 
propellant liquid rocket and is initially accel- 
erated to a velocity of 1,000 feet/second in 
two seconds by a large JATO booster rocket, 
which detaches and falls away upon cessation 


of booster thrust. Helium pressure is applied 


to the vehicle propellant tanks to cause the 
propellants to flow into the thrust chamber 
The JATO booster is elec- 


trically ignited from a control room at the 


for combustion. 
time of launching. After reaching a velocity 
of about 4,000 ft./sec during powered flight, 
the Aerobee coasts with decreasing velocities 
to the zenith altitude at which time nose ejec- 
tion may be accomplished for parachute re- 
covery of the nose section and its scientific 
instrumentation. The Aerobee is capable of 
reaching an altitude of 400,000 feet with the 
nominal payload of 150 pounds 

More than 80 launchings have been con- 
the U.S. 
Force from White Sands Proving Ground, 


ducted by Army, Navy, and Air 
Holloman Air Force Base, and from the U.S.S. 
Norton Sound off the coast of Peru and in the 
Gulf of Alaska. 

By making it possible to investigate the 
upper atmosphere for conditions of tempera- 
ture, composition, density, magnetic field, cos- 
mic ray intensity, winds aloft, etc., the Aerobee 
has been the medium for obtaining valuable 
scientific data heretofore unavailable. Since 
the initial launching in 1947, the Aerobee has 
been the most widely-used and least expensive 
research sounding vehicle in production. It is 
well known for its reliability and simplicity 
of design and operation. 


A 150-ft. high tower, which can be tilted a few degrees to the side, is used for launching. The rocket reaches a speed of 
1,000 ft./sec within two seconds of launching, and of 4,000 ft./see on power cut-off. 
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| 4 eight industrious years, Soviet Russia has emerged as the world’s 
largest producer of military aircraft and now challenges the United 
States in the development of nuclear weapons ; and speculation is 
rife that these achievements are being supplemented by the mass- 


production of long-range supersonic rockets. 

A report that the Russians are producing 24,000 supersonic rockets 
of an improved V2 type every year was quoted by Arthur Henderson, 
the former Secretary of State for Air, in the House of Commons on July 
30th, 1953. There were also reports, he said, that the Soviet were 
striving to perfect a rocket with a range of 2,500 miles. 

How far can we ascertain the extent to which Russia is pinning her 
faith on offensive missiles? Can a valid estimate of the current state 
of missile development in the U.S.S.R. be attempted today ? 

Reports of Russian activities in the rocket field have been filtering 
through to the West since 1945, when the German experimental rocket 
centre at Peenemiinde was taken over by the Red Army,! and the 
underground factory of Mittelwerk GmbH beneath the Konstein 
hills, near Nordhausen, was re-activated for the production of missiles. 

Under the exchange of information agreements existing immediately 
after the war, Russia received documented reports on all German 
rocket projects from the Western Allies, including verbatim reports of 
interrogations of German scientists and engineers. These included all 
the recommendations for the further advanced development of rockets 
and missiles which, in the heat of war, the Germans had no opportunity 
to pursue, and represented the accumulated experience of more than 
15 years research with bi-propellant rockets. To all this the Russians 
were able to add a vast amount of captured German equipment and 
missile specimens which were carefully crated and transported to the 
Soviet Union. Out of the chaos that existed in Germany in 1945, some 
German scientists chose Communism, whilst large numbers of others— 
willing or not—found themselves en route to unknown destinations 
east of the Ural Mountains. 

What has happened to these scientists in the intervening years ? 
How much have they and their Soviet masters achieved in this vital 
field of weapon development ? 

In attempting to answer these questions, one must first appreciate the 
full extent of the German missile research effort inherited by the Rus- 
sians. The V2, of course, is known in every detail, and one can scarcely 
doubt that large numbers of this rocket have been test-fired for such 


1«Red Rocket Research, Peenemiinde 1951,’ Aviation Age, February, 1952. 
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Within the Shadow 
of Russian Missiles 


BY KENNETH W. GATLAND, DESIGN DEPARTMENT, 


HAWKER AIRCRAFT, LTD., KINGSTON-ON-THAMES, ENGLAND 


purposes as tactical evaluation, troop training, upper atmosphere 
research, etc., as well as being used as “flying test-beds” for improved 
power units and new warheads. With all production facilities intact in 
the bomb-proof factory near Nordhausen, the Russians had much 
better opportunities for these investigations than either Britain or the 
United States, where only a limited number of captured Vzs were 
available for test. 

Nordhausen, the chief centre of interest, is located near the Western 
Zone and would provide a unique forward supply base. Originally 
conceived in 1936 as four oil storage depots, the plan was altered soon 
after the war began to provide for seven underground factories. It had 
been the Germans’ intention to transform the anhydrite hills in the 
Konstein into a vast self-contained industrial area with an underground 
floor-space of over 6 million square feet (550,000 m?). 

Although only one of these factories was actually completed, it 
proved so effective that not only were V1 flying-bombs and V2 rockets 
produced there but a section was used for the machining and assembly 
of Junkers aero-engines. 

The underground workings consisted of two tunnels of equal length 
traversing the hill, linked together by a series of cross-galleries, having 
a total floor-space of 1,270,000 square feet (120,000 m*). Ventilation 
was arranged by drawing in air from the tunnel entrances, heating the 
air, and passing it through ducts into the working sections. Foul air 
was extracted by means of large fans, with a return duct system venting 
through vertical shafts. 

The general arrangement of the factory is shown in the pictures; V2 
manufacture occupied 19 of the cross-galleries, whilst the entire section 
of tunnel B between these galleries was occupied by an assembly line. 
Trains passing into the hill along tunnel A brought all the materials 
necessary for construction, including finished components such as 
combustion chambers, venturis, injectors, turbo-pumps, etc., whilst the 
work actually carried out consisted of cutting, pressing and welding 
body and tail units from steel plate, and the pressing and fabrication of 
the aluminium-alloy propellant tanks. The last cross-gallery (No. 41) 
served for testing the electrical circuits with the rockets in the vertical 
firing position, and beyond this gallery, in tunnel B, the completed 
missiles (less warheads) were loaded onto standard gauge trains for 
transit to the launching sites. 

Other factories in the Nordhausen district on which work had begun 
were intended as a synthetic fuel plant, a liquid oxygen plant and 
further engineering facilities. 

This technique of building protected factories could be adopted in 
Russia where sufficient “cheap” labour is available for construction. 


* 


The most persistent reports of Soviet missiles have been of V2zs with 
greatly improved range. That such weapons exist is not unlikely as 
the Germans themselves had succeeded in producing V2s experimentally 
in 1944 which could deliver 1 ton of explosive over distances of 300 
miles ; this was better by 100 miles than the production version. An 
unconfirmed report that Russian Vzs have been launched at Kolberg, 
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Plan and section of the bomb-proof underground factory in the Konstein Hills, near Nordhausen (Thuringia), where ‘reprisal weapons’? (VI and V2) were made during 


the last war. Cross-galleries A and B are 59 ft. wide and 43 ft. high. 
Pomerania, and directed at the Island of Oesel in the Baltic Sea, would 
mean that rockets of more than 400 miles range are now in use. 

To achieve this performance, Sutton? has suggested that an improved 
motor has been produced with a sea-level thrust of 35 metric tons 
(77,000 |b.) ; this compares with 25 tonnes (55,000 lb.) of the original 
Vz propulsion unit. Again, it is likely that profit has been made of 
German designs, for it is known that an improved V2 type motor was 
undergoing development at Peenemiinde in 1944. 

On the other hand a further German development, known as the 
A 4b, and essentially a 2 with swept wings (see picture) had actually 
been test-fired in the winter of 1944-45. Two of these rockets were 
launched and although the first was unsuccessful, due to premature 
cut-off of the motor, the second climbed from the ground under per- 
fect control. 

The addition of 75 sq.ft. of horizontal wing surface would not have 
converted the V2 into a rocket aircraft. It took off in precisely the same 
way as the original rocket, ascending vertically before being eased into 
a 45 degree angle of climb. When propulsion ceased (after approxi- 
mately 60 to 67 seconds), the wings would have no effect in the highly 
ratified air in which the rocket moved and it would then follow a 
ballistic trajectory. On the down-ward leg of the curve, however, air 
density would build up sufficiently for the vehicle to regain control (by 
virtue of its gyro-controlled aerodynamic surfaces) and to be pulled out 
of its dive. Whereas at take-off the rocket weighed 12% tons, it would 
now weigh about four tons and could operate effectively as a super- 
sonic glider. 

This enabled the flight path to be increased to such an extent that the 
range of the A 4b was nearly double that of the V2 (370 miles as against 
200 miles), notwithstanding the fact that the propellant consumption 
and warhead capacity were exactly the same. It was proposed that the 
weapon should go into a vertical dive over the target, in the same way 
as the V1 flying bomb. 

It was evident that the range of the A 4b would be increased still 
further if the rocket could be boosted to a certain initial velocity before 
its motor was started. There were two possible ways of achieving this : 
(a) by employing a long catapult with a slight gradient, allowing the 
winged rocket to take off horizontally with an initial velocity of 750 
m.p.h., (the estimated minimum speed at which the fully fuelled 12 % 
ton rocket could fly), and (b) by providing the rocket with a powerful, 
first-stage booster. Drawings of the latter project, known to the Ger- 
mans as the A 9/A 10 (picture), were prepared as early as 1942; the 
design required a booster with a single 200-ton thrust motor, which 
was intended to give the smaller rocket an initial velocity of 2,660 
m.p.h. The A 10 booster would be equipped with air-brakes and a 
special parachute to assist its recovery. Meanwhile, the A 9—in this 
particular version, an improved Vz with highly swept delta-wings— 
would accelerate to a final velocity of no less than 6,260 m.p.h. which, 
the Germans estimated, would extend the range to 3,000 miles.® 


2?G.P. Sutton: “Rockets Behind the Iron Curtain,’’ American Rocket Socie ty Journal, 
May-June, 1953. 


7K.W. GaTLAND: ‘Development of the Guided Missile,”’ Lliffe and Sons, London, 1953. 
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The German long-range rocket programme was severely curtailed, 
first by early set-backs with the V2 (which required between 60,000 and 
65,000 drawing modifications before it could be mass-produced), and 
then by priority being switched to the development of anti-aircraft 
guided missiles, such as the Wasserfa//, in an attempt to counter the 
increasing Allied air attacks on Germany. In consequence of this, the 
development of the A 4b was considerably delayed whilst the A 9/A 10 
project remained in the drawing stage. 


* 


There have been reports, dating back to 1949, to the effect that the 
Red Army has established rocket bases at strategic points in Eastern 
Germany and the satellite states. Many of these bases are said to be 
located along the Baltic coast of Eastern Germany, Poland, and the 
U.S.S.R., whilst others have been reported in Thuringia (near Erfurt) 
and Czechoslovakia (Pilsen and Hradec), and from Archangel to north 
eastern Siberia.* 

Most of the accounts of rocket bases have come from refugees from 
the Soviet Zone, some of whom claim to have worked an the Russian 


«Vast Missile Programme Pushed by Soviet,”’ Aviation Age, August, 1953. 


Only about a hundred V2 rockets were taken to the United States, and most of them 
(62) were fired from the Army's proving ground at White Sands, New Mexico. The 


loading a V2 


Russians got a great many more V2s for their experiments. Picture 
with aleohol at White Sands. - 
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missile programme. Although it would be unwise to place complete 
reliance on all the information that has built up this picture of Russia’s 
growing strength in long-range weapons, cross-checking of the various 
reports that have come to hand over the past four years would appear 
to reveal an underlying current of truth. It is a picture of rocket bases 
strategically placed for the defence of the Soviet Union and her empire, 
and also one in which the offensive use of missiles could rapidly bring 
about the destruction of key industrial centres and supply ports in 
Europe. 

We know that improved V2 type rockets exist, that their range is 
sufficient to enable them to strike against the West—and with sufficient 
accuracy to make the tactical use of atomic warheads entirely prac- 
ticable. In this respect, it may be noted that 44 per cent of the V2s used 
operationally in the last war fell within a 6-mile circle whilst the 25 per 
cent that were guided along a radar beam during the powered part of 
their trajectories had a lateral dispersion of only + one mile.®> Improved 
propulsion cut-off devices had also been developed to reduce dispersion 
in range. These refinements, however, were incorporated operationally 
on a small scale only, and were in use chiefly in the attack on Antwerp 
harbour in 1945. 

One can be quite certain of the V2s’ ability to carry atomic explosive. 
The Americans have revealed in their tests of an “atomic shell” that a 
warhead of only 1,000 lb.—less than half the weight of the original 
Vz explosive head—can produce an explosion equivalent to the 
detonation of 15,000 tons of TNT, which is three-quarters the power 
of the atomic bomb dropped on Hiroshima. 

Improved V2 type rockets may have ranges of 300, 400 and even 
soo miles. A two-stage Soviet rocket having a range of 3,000 km 
(1,865 miles) has been quoted by George P. Sutton, Propulsion Super- 
visor of the Aerophysics Department, North American Aviation, Inc., 
whose information was obtained “from private German sources.”? 
The weapon is reported to consist of a modified V2 rocket and a 
Russian-designed booster of 264,000 lb. thrust, employing liquid 
oxygen and kerosene. The launching weight is said to be between 
150,000 and 175,000 lb. This could be a practical evaluation of the 
A 9/A 10 project ! 

It is important to remember, however, that ordinary V2 type rockets, 
fired from the Soviet Zone of Germany, could reach such vital targets 
as the Ruhr industrial region and the supply ports of Antwerp and 
Rotterdam. If, in any future conflict, the continent of Europe again 
falls into the hands of an aggressor, V2 type rockets would also be a 
constant threat to Britain. Despite the evidence of the last war, the 
problem of the long-range supersonic rocket has been consistently 
ignored in public statements on air defence and it has been said that we 
have come perilously near to a ““Maginot Line” mentality in our defence 
planning. It is a sobering thought that all the fighter aircraft and anti- 


5 W. DorNBERGER: “V2, der Schuss ins Weltall,”’ Bechtle-Verlag, Esslingen, 1952. 


Added swept wings (area 75 sq.ft.) would have increased the range of the German V2 
to about 370 miles (project A 4b). Refugees from the Russian Zone of Germany assert 
that rockets of this type have been seen over the reconstructed range at Peenemiinde. 
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The projected German A 9/A 10 two-step rocket for ranges of up to 3,000 miles was 
to have consisted of a powerful booster (200 tons thrust) and a smaller rocket (25 tons 
thrust) with delta wing and take-off weights of from 85 to 100 tons. Has this project 


since been realized in Russia ? 


aircraft missiles which we are straining our resources to produce would 
be powerless to prevent an atomic attack if the main weight of the 
assault came from supersonic rockets. 

Once again, Europe’s problem is the most formidable. Attacks on 
the United States and the Soviet Union by surface-launched rockets 
would require missiles with inter-continental range; this implies the 
use of large step-rockets with complex guidance systems to limit 
dispersion, whereas—as we have already seen—rockets of the same basic 
V2 type that struck at south-east England during the war could effec- 
tively carry atomic explosive into the heart of many European capitals. 
The dangers become still more apparent when it is realized that rockets 
with less than 500 miles range could be fired on England from existing 
Soviet positions and that the Red Army has only to occupy the Low 
Countries for their missiles to strike at London from sites less than 


200 miles away.® 


On the same score that poison gas was not used in the last war, it 
has been said that the atomic bomb may never be used against cities. 
This assumption may be perfectly valid. We may hope so, but unfortu- 
nately there is equal logic in the opposite view, that an aggressor may 
use atomic bombs to obtain an overwhelming initial advantage in a 
surprise attack. Indeed, the use of the atomic weapons from the outset 
by the United States must be regarded as at least a fifty-fifty possibility. 

In this event, it is well to remember that it would be much easier 
for Russia to strike back at Britain than America, and also much wiser 
as an initial tactical measure if a quick decision is required in Europe. 
The lesson that Hitler learned, to his cost, is not likely to be forgotten 
by a new aggressor. 

6K. W. Gatianp: “Russian Guided Missiles,” Royal Air Force Flying Review, 
October, 1953. 


VOLUME VIII — No. 11, 1953 





VOL 


PARNS Sn N 



























Fairey’s delta rocket is merely one project among many. — A large number of projects for British guided missiles have been tested during recent years at the Ministry of Supply's 
Fairey has also developed the Stooge straight winged rocket range in South Wales. Here, a rocket of undisclosed type with large take-off booster rocket. Firing tests have 
rocket, a rocket with sharply swept wings and high-set now been transferred to Woomera, in the South Australian desert. 


tail, and the pilotless Vertical Take-off Aircraft. 





British 
Guided Missiles 


A report on British “wonder weapons” can 
of necessity only be meagre because of the total 
secrecy with which this type of armament is 


> 


shrouded. Very occasionally a few “‘harmless’ 





pictures are released, but no details are ever 
given. Even today we still do not know what oi : 
. : prep os " Armstrong Whitworth’s Supersonic experimental rocket with swept cruciform wing, “canard” tail unit and eight 
the operational anti-aircraft rockets” look like take-off rockets which drop off when burnt out. Wings are of double-wedge shape. 


whose existence Minister of Supply Duncan 


‘ 





Sandys revealed in the summer of 1952. M.L_AVIATION 


However, it is known that the majority of 
British firms have their own guided missile 
departments, either in Britain itself or in South 
Australia. These include Armstrong Whit- 
worth, Bristol, English Electric, Fairey, 
General Electric and Vickers—while the Brit- 
ish firm of M.L. Aviation and the Australian 





Government Aircraft Factory are building 

ce, . . ' ~ The U.120D radio-controlled target aircraft of M. L. Aviation Company spans 12 ft. and is 12 ft. 7 in. long. It weighs 
radio-controlled — a. 475 lbs. and is driven by a 65 h.p. engine with wooden cmeliaa soneaed on take-off by two 3 in. rockets. After 
flying at 200 knots for about 45 minutes, the aircraft lands by means of two parachutes, which also come into operation 
if radio or engine fail. A three-axis automatic pilot developed by the same firm and weighing only 20 Ibs. is used 
for control in flight. It consists of two gyro units and a computor (right half of picture), together with transfer valves 


and amplifiers (left half of picture). 





Woomera, a not very inviting town in the Australian 


desert-—about 300 miles north of Adelaide—has become 

the centre of the biggest rocket launching ground in the og casi gies SRS: 

world. Several hundred rockets designed by various t 

British firms have already been tested on the 1200-mile 

range. The right-hand picture shows one of these test 

rockets during launching. Technical details available 
nil. 
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Matra M.04 supersonic 
Halifax. 





One of the many wing and guide vane shapes for the Matra M.04 tried out during two years of free flight experiments. 


The Matra M.04’s control equipment is mounted immediately in front of the cruciform guide surfaces (and the com- 


bustion chamber). 
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rocket under the fuselage of a four-engined 





Handley Page 


INTER © 











Rocket Development 
in France 


Fics place in France’s guided missile programme has for some time 
been given to the development of anti-aircraft rockets for defensive 


purp¢ Ses. 


Work on these is being carried out for the Air Force by 


SNCA du Sud Fst and Société Matra (Société Générale de Mécanique, 


Aviation, Traction). 


In addition, the French Army and Laboratoires de 


Recherches Balistiques et Aérodynamiques (Vernon, Eure), are also working 
on artillery rockets and have produced.a research rocket for the upper 
air. The following is an account of two of the results of these efforts, 


based on material released by the makers. 


AVIA 


The Matra M.04 Experimental Rocket 

The Matra M.o4 medium-sized supersonic 
rocket has cruciform wings and cruciform tail 
and is a two-thirds size flying model of a pro- 
jected anti-aircraft rocket. First versions of 
this type were used for aerodynamic and 
mechanical tests in the transonic and super- 
sonic ranges. At the same time, various kinds 
of automatic pilots were also tried out. 

Of metal construction—with magnesium 
framework and duralumin skin—the MO.q’s 
body has four trapezoidal wings of approx. 
6 ft. span and low aspect ratio, moderate sweep 
back and only 6% thickness. It is powered by 
a bipropellant rocket motor (S.E.P.R.) which 
delivers a thrust of 2750 Ibs. The two welded 
steel propellant tanks have a total capacity of 
242 Ibs. of chemical propellants, sufficient for 
14 seconds burning. Fuel and oxidizer are fed 
into combustion chambers by means of com- 
pressed air, which is stored in two annular 
tubes and brought down to a working pressure 
of 570 p.s.i. by means of a pressure reducer. 
As the rocket engine is started up, the mem- 
branes of the two compressed air containers 
are pierced by electrically-operated pins. 

The rocket body contains the following 
equipment from front to rear : compressed air 
containers with pressure reducing valves ; pro- 
pellant tanks; measuring instruments ; control 
servos; combustion chamber; reaction pump. 

Technical data for the M.o4 are given in the 
table below. It may be added that the weight 
empty (with empty tanks) is 770 lbs. Wing 
loading is therefore 123 lbs./sq.ft. on launching 
and falls to 93 lbs./sq.ft. after power cut-off. 

Carried to test altitudes of approximately 
13,000 ft. under the fuselage of a four-engined 
Handley Page Ha/ifax, the M.og has been 
released on numerous occasions at speeds of 
260 m.p.h. Five seconds after release an auto- 
matic device started up the engine, whereupon 
the rocket accelerated rapidly and reached high 
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supersonic speeds at power cut-off. During 
powered flight trajectories remained absolutely 
horizontal. 

After “burning out” the rocket reduced its 
speed and began to glide down. At a height of 
approximately 2,600 ft. a contact altimeter 


” 


released the “instrument capsule” which con- 
tained three SFIM recording instruments. The 
rocket landed by means of a parachute and in 
nine cases out of ten could be salvaged without 
major damage. 

The recording instruments register continn- 
ously 24 different values, including the speed. 
In this way, valuable information on dynamic 
stability during passage through the sound bar- 
rier and in the supersonic range was obtained, 
as well as data on control surface moments 
and behaviour of the automatic pilot. A 
particularly interesting factor was the variation 
in the aerodynamic coefficient with angle of 
attack and angle of side slip, measured by 
measuring vanes designed by Société Matra. 
Finally a number of different wing and tail 
designs were tried out with the aid of the 
recording instruments. 

First release experiments were made as early 
as 1950. However, it took more than 
12 months’ hard work before the first satis- 
factorily stabilized M.og crossed the sound 
barrier. In May 1952 the M.o4 reached super- 
sonic speed in level flight in a number of 
operations above the Sahara: namely, nearly 
1100 m.p.h. (1800 km/h). 

Since then, other flight tests have been made, 
the results of which have aided in the design of 
new rocket models. In particular, it has been 
possible to study the increase in drag and the 
behaviour of moments in the transonic range. 
Today, accurate records for all aerodynamic 
values throughout the speed range of rockets 
are available, such as could scarcely be obtained 
with the same precision in wind tunnels. 


Contact. The Véronique research rocket taking off from its low launching platform. (Cf. 
Propelled Missiles, by W. P1uz, on page 663 of this issue.) 





In May 1952 the Matra 
13,000 ft. (4000 m) above the Sahara. 


The Véronique Research Rocket 


Designed by the Laboratoires de Recherches 
Balistiques et Aérodynamiques of Vernon, the 
Véronique wingless experimental rocket is used 
primarily for research in the upper air up to 
For this 


purpose, it carries measuring equipment weigh- 


altitudes of 410,000 ft. (125,000 m). 


ing 123 lbs. (60 kg). If, however, this “scien- 
tific load” were replaced by a military load and 
the Véronique launched on an oblique course. . . 
it would have a theoretical range of 155 miles 
(250 km). 

The Véronique carries the following equip- 
ment, from tip to rear jet pipe : measurements 
transmitter and instruments ; parachute and 
brake disc for the measuring equipment ; gas 
producer; nitric acid tank; gas oil tank; 
combustion chamber; delta-shaped cruciform 
guide vanes with jettisonable arms for cable 
control during launching. 
the latter installation, which replaces the usual 
long launching framework, is given elsewhere 
in this issue.) 

The gas producer, a small auxiliary rocket 
with liquid propellants, provides the gas 
required to force the oxidizer (nitric acid) and 
fuel (gas oil) into the combustion chamber. 
The combustion chamber works at a pressure 
of 285 p.s.i. (20 kg/cm?) and supplies up to 
44 lbs. (20 kg) of gas per second with an 


Launching System for Self- 





(A description of 














M.04 reached speeds of about 1,100 m.p.h. (1,800 km/h) in level flight at altitudes of about 


(Picture : Centre d’Essais en Vol.) 


exhaust velocity of approximately 6,600 ft./sec 
(2,000 m/sec).! However, it is doubtful 
whether this high thrust can be maintained 
throughout the full burning time of the rocket 
(35 sec), as this would need a propellant load 
of 44 lbs./sec (20 kg/sec) x 35 sec or 1,540 lbs. 
(7oo kg) ; in other words, the rocket’s oper- 
ational weight empty would be only 660 lbs. 
(300 kg). 

During ascent the transmitter in the nose of 
the rocket continuously transmits to a ground 
station the data registered by the measuring 
The with its 


measuring instruments, is separated from the 


equipment. nose, together 
rest of the rocket shortly before reaching its 
ceiling and lands by means of a parachute. 
According to the makers, a maximum speed of 
3,100 m.p.h. (5,000 km/h) has so far been 


obtained at power cut-off. 


' The thrust, as momentum of the quantity of pro 


pellant gas exhausted per second, is thus 20/g 2,000 


or roughly 4,000 kg. 





Technical data Matra M.og Véronique 





Calibre (m) 0.40 0.55 
Span (m) 1.80 

Length (m) 4.60 6.00 
Wing area (net) (m?) 2X0.77 

Take-off weight (kg) 460 1,000 
Rocket thrust (kg) 1,250 4,000 
Burning duration (sec) 14 35 


As it leaves the platform it is guided by four cables 
unwound from a single drum. (Cf. Piz, op. cit.) 

















Eea 26 remote-controlled engineless experimental aircraft at the 1951 Paris Air Show. 


Marcel Gianoli built his first metal aircraft in 1922, with the help of Jean 
Flubert. A few years later he became Chief F:ngineer to Avions Couzinet. At 
this period he was already working on Constantin’s wind vanes ; in 1934 he 
tested his first automatic pilot based on this principle in flight and in 1937 his 
“autopter’’ control surfaces. In 1936 he founded Société d’ T:tudes et Construc- 
F:ca’s 
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The Control 
of Pilotless Aircraft 


BY MARCEL GIANOLI, MANAGING DIRECTOR OF 
SOCIETE, D’ETUDES ET CONSTRUCTIONS AERONAUTIQUES, 


MEUDON-BELLEVUE, FRANCE 


laboratories and offices, where experimental and design work. is carried out, are 
at Meudon-Bellevue. Its factories at Asniéres today produce equipment for most 
of France’s guided missiles. 

Société Eca is at present carrying out research on the full application of elec- 
tronics to automatic pilotage, the design of experimental missiles to test new 


equipment, and the development of automatic controls for the transonic range. 


tions Aéronautiques, to design gyroscopic stabilizers and servo controls. 


When Interavia asked me to write about my 
ideas on the guidance of pilotless aircraft, I 
realized how very tentative all personal ideas 
must necessarily be in so new a field. An 
idea may frequently start a new line of develop- 
ment, only to exhaust itself before the de- 
velopment can be followed to its conclusion. 
There are so many possibilities open to pilot- 
less aircraft; they can be directed against 
air or ground targets, launched from aircraft 
or ramps, be remote-controlled or steered 
automatically. 

However, the engineer is far from being able 
to choose for himself among these possibilities. 
Parallel developments and tactical, industrial or 
economic considerations may necessitate modi- 
fications in the line of development of new 
equipment even before the basic problems 
have been entirely solved. The engineer is 
merely a kind of clearing-house for contra- 
dictory claims, from among which he must 
select the best possible combination. He cannot 
really presume to have any personal views 
on the conflict of which he is the centre. 
This article will therefore merely attempt to 
show how tortuous is the path followed during 
any technical development, even if, to the 
outside world, it gives an impression of conti- 


nuity. 





Beginning my work on the stabilization of 
aircraft at a time when gyroscopes were 
regarded as “dangerous,” I built my first 
automatic pilot on the basis of the wind-vane. 
The aircraft in which it was fitted flew per- 
fectly satisfactorily, even in very bad weather. 
But meanwhile, gyroscopes had been developed 
to a high degree, and all extraneous surfaces 
were rejected because of their drag, vibration, 
icing danger, etc. 

My experiments, however, led me into the 
new field of the ‘“‘autopter,” a combination of 
detector, servo motor and control surface. Its 
advantages have been amply proved during 
recent years and it should enable us to do away 
with a number of gyros which had previously 
been regarded as indispensable. 

Société Eca, therefore, devoted its energies 
from the beginning to gyro designs. Gyros 
were to be designed for use alongside classic 
clino- 


(anemometer, compass, 


instruments 
meter) to detect deviations, to damp vibrations, 
to provide remote control, via hydraulically 
operated pneumatic jacks. The prototype of 
our first three-axis automatic pilot enabled 
perfect flights to be made in very bad weather, 
but the first production model completed its 
tests at the official flight test centre in May 1940 
...and the next one, fitted in a four-engined 
seaplane anchored at Berre was lost the day 


southern France was occupied... 


INTER. AVIA 


Diagram and view of an ‘*‘autopter’’ control system for 
directional stability, in the 220 h.p. Nord 1101. A gauge 
to measure the angle of attack (a) of the air flow is 
mounted in front of the tail unit. Any change in air 
flow leads to an appropriate deflection ()) of the tabs 
and hence to a correcting control surface deflection (/). 
The profile of the rudder unit becomes curved, owing to 
the tab deflection and is set against the air flow by the 


angle (a (3). 
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After the Liberation I turned my attention 
to the Eca. 20 pilotless aircraft, which I had 
first proposed in 1936 and begun in 1939. This 
was an airborne vehicle in which the use of 
autopter controls enabled mechanical stabi- 
lization to be limited to a single axis. Various 
different types have since been launched as 
flying test beds for our new stabilizers, which 
are fully tested in flight, as well as in laboratory 
simulators, before being supplied to the mis- 
sile producers. 

Since my first experiments with automatic 
pilots for pilotless aircraft, our stabilizers have 
made much progress, in full collaboration with 
the French agency responsible for guided mis- 
siles and Chief Engineer Michel Decker, its 
gifted head. 
flight tests I had discovered a new “phase law” 


During hours of painstaking 


for control movements. I realized that control 


surface deflections must be made in advance 





Kea’s ‘“phase-correcting instrument,’’ which combines 
the deviation measured by the gyro with its rate of 
deviation. With a rapid deflection of the gyro, which 
sends the centre of the lever to position A, the brake 
(next to the stamp, and operated hydraulically, magne- 
tically or pneumatically) prolongs the deflection of the 


control mechanism of the servo to position 1; with a 
2 


slow deflection on the other hand it reaches position 2 


only. 


and compensated the gyroscope’s delayed cor- 
rections by a mechanical device which com- 
bines the measured deviation from the correct 
position or attitude with its vehemence, i.e., 
with the rate of deviation. My device proved 
particularly valuable at the time, in particular 
because oscillation damping was simple. 
However, our first equipment with pneu- 
matic jacks, though well suited to liquid-pro- 
pellant missiles, which usually use compressed 
air for propellant feed, cannot be used with 
solid propellants. The system therefore had 
to be entirely “electrified,” including gyro- 
scopes, jacks, control circuits and transmission 
rods. Then, as the space available became 
smaller and smaller, the stabilizing equipment 
was divided into several units to permit of 


simpler installation. 
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The time of response of these servos, of 
secondary importance in low-speed aircraft, is 
vital at the sonic speeds of missiles. We suc- 
ceeded in reducing it to about 5 milliseconds 
after painstaking experiments in machining, 
improving the quality of the metal, but at the 
expense of weight, especially heavier magnetic 
circuits... until a new type of chemical con- 
densor provided a better solution, since it also 
enabled the missile’s speed to be taken into 
account. With it, it was no longer necessary to 
set the control surfaces in neutral position, and 
missiles could be launched without minutely 
checking the direction. And as time of 
response is less important with this device 
(it can easily be up to 30 milliseconds), we 
could return to smaller servos operating less 
abruptly and capable of being installed in the 
immediate vicinity of the control surfaces. 

Then there were a number of prototypes 
designed tentatively to try out new methods ; 
some were laid aside waiting for special 
They 


include servos with couplings, fluid accelero- 


accessories, and others abandoned. 


meters, gyro vibrators, etc. They represent, 
so to speak, the essential “archives” of a 
research laboratory, where the unsuccessful 
experiments of today can sometimes provide 
valuable assistance in the solution of prob- 
lems tomorrow. Sometimes success comes 
too late ; our engineers may discover a method 
of guiding a ground-to-ground missile very 
accurately to its target, only to find that its 
potential users have meanwhile been provided 
with other guidance methods, small in bulk 
and light in weight, whose accuracy exceeds 
the most sanguine hopes. 

The main problem today in pilotless aircraft 
is their remote control. At first they were care- 
fully stabilized so that they would be capable 
of remote control without excessive difficulty. 
They were designed to fly smoothly so as to 
allow their future controllers on the ground 
time to aim them accurately. Soon indirect 


control was introduced, where the observer no 


Various Eca automatic pilots for lateral and directional 
stability. The prototype of a pneumatic three-axis pilot 
1939 gave bad 
Picture shows automatic pilots being tested by 


built in remarkable performance in 
weather. 


means of simulators and recording instruments. 























An Eca 20 under the fuselage of a twin-engined Lioré- 
et-Olivier 45. 


Several different versions of the Eca 20 robot glider were 
used as flying test beds for new types of stabilizers and 
‘‘autopter’’ controls. 


longer concerns himself with the control of the 
missile, which automatically follows a beam to 
the target. Initially, this beam was more or 
less rigid, leading from the launching point to 
the pre-calculated impact point. But when the 
beam is directed to follow the target, which 
carries out evasive action, it is displaced so 
rapidly in space that the missile is in danger of 
losing it. Above all an anti-aircraft missile 
launched from a ramp has to change its direc- 
tion violently on completing its vertical ascent, 
in order to reach its target. A movement of the 
beam by even a few degrees per second leads 
to extremely heavy demands on the missile’s 
stabilization equipment at combat altitude. 
So that the rocket can remain close to the beam, 
it must follow all movements of the latter 
instantaneously and smoothly. Otherwise it 
would risk missing the target by the few yards 
which would render the detonation of the 
explosive charge by the proximity fuse inef- 
fective. 

The guided missile must therefore make the 
necessary turns practically without oscillation. 
It is extremely difficult to damp these oscilla- 
tions as long as a gyroscopic space reference 
system is used. The latter must therefore be 
abandoned. The gyroscope can still serve as 
a calculating instrument, capable of transform- 
ing a measured deviation into ‘“degrees/ 
second” movements. Would it not be possible 
to replace it altogether by an accelerometer ? 

The phase-correcting equipment mentioned 
above was rendered superfluous by the new 
beam procedure. Moreover, the varying speeds 


of the guided missile during its evolutions have 
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Electrification” of the automatic control equipment and increased efficiency of the 
beam transmitters and receivers have enabled gyros to be simplified and reduced in 
size. Their diameter has been decreased from 100 mm to 50 mm and later to 30 mm ; 


the direct current rotors (left) have been replaced by three-phase current rotors (right). 


a greater effect on delays between disturbance 
and control surface deflection than the factors 
which can be handled by this equipment. The 
sensitivity of the gyro therefore had to be 
improved, which greatly increased manu- 
facturing costs. In particular, the friction of 
the potentiometer was eliminated by fitting a 
rotary condensor. 

As the power of beam transmitters increased, 
however, sensitivity became less important. 
It was therefore possible to return to simpler 
and smaller gyros, whose diameter was 
reduced from too mm (in 1946) to 50 mm 
(1950) and since to 30 mm. The usual direct 
current rotors have meanwhile been replaced 
by the three-phase current rotor which is 
easier to manufacture and delivers higher 


initial voltages for the valves. 


Let us finally turn our attention to some of the 
present day problems. Remote control of anti- 


aircraft rockets is becoming increasingly 
precise. On the one hand this is due to the 
system of electro magnetic beam control itself, 
on the other hand to the target-seeking missile 
heads which take over control near the target. 
With these two systems all slow oscillations 
can be satisfactorily mastered. During pursuit 
from the rear, the missile, even under the 
worst conditions, is subjected to no higher 
stresses than the target seeking to evade attack. 
In a head-on attack, however, conditions are 
somewhat different. In this case, the missile is 
subjected to considerably greater changes in 
direction than the target. As, however, the 
military insist on this costly method of attack, 
it will be necessary to add to the existing 
remote control instruments an anticipating 
computor for trajectory alterations, which is 
considerably more complicated than the cal- 
culator used for attacks from the rear. Above 
all, however, the flying qualities of projectiles 
must be improved. They need bigger wings 
and more effective control surfaces. Bigger 
wings mean higher drag throughout flight— 
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and as the wings are usually cruciform, the 
We could 


therefore return to the single wing unit, but 


increase in drag is even double. 


this would necessitate the introduction of 
ailerons and hence involve a further complica- 
tion in the stabilizing equipment. However, 
the necessity of flying very tight turns would 
seem to demand such a development. Effective 
control surfaces for the supersonic range will 
have to be entirely mobile, and the design of 
servo motors for their operation will probably 
not be altogether simple. It may therefore be 
possible to make use of the “‘autopter”’ system 
of control, which would have a damping effect 
similar to that of the gyro. Of late, however, 
the importance of gyroscopes seems to be 
diminishing again. They will be the victims of 
modern servo motors, which will become one 
with the control surface bearings, although 
they may continue to have their value in 
directional stabilization. 

Another problem is that of powering the 
control installations. Accumulators are costly 
and cannot be placed in the missile until 
shortly before use, after minute and lengthy 
checking. Once connected up, disturbances 
may arise due to escape currents or faulty 
contacts, which can only be prevented by further 
time-consuming precautionary measures. 

For long-range guided missiles, with jet pipe, the 
classical solution is provided by generators 
driven by exhaust gas turbines. Turbo gener 
ators are also the only means of supplying 
guided missiles with the necessary energy for 
several minutes before launching. Finally, they 
are easy to combine with the propellant pumps 
which have today replaced the bulky (and 
heavy) gas pressure feed system. 

On the other hand, it should be possible in 
the case of anti-aircraft rockets, which operate 
for only about a minute, to store the required 
supply of energy in a fly-wheel. The latter can 
be set in motion either electrically (immediately 
before launching) or by means of a power 
cartridge (during launching), and can be so 


wired that despite the gradual reduction in 
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Miniaturization of instruments : 


Prototype No. 70 of an Eca lateral stabilizer for guided 
missiles can be held in the hand (right), The stabilizing equipment is divided into 


several units to facilitate installation (centre). 


speed of rotation during flight, it supplies a 
constant voltage. 

A last problem, though a very important 
one, és that of cost. Guided missiles should be a 
cheap means of defence and cost less than 
manned aircraft, in which the inevitable loss 
of life is also a serious factor. However, anti- 
aircraft rockets would still have to be launched 
in very great numbers, in particular to make 
allowance for those that miss the target 
because of the latter’s evasive action. Because 
of this, production costs, expressed in man- 
hours, must be kept within very close limits. 
The electronic parts should be relatively simple 
and cheap to manufacture, as the present-day 
radio industry has proved, and even the motors, 
actuators and dynamos are more or less simple 
instruments. 

Thus the cost of the robot's airframe becomes the 
decisive factor. ‘This is, strictly speaking, the 
affair of the guided missile designer, though 
the equipment manufacturer can also help. 
He can, for example, suggest means of simpli- 
fying wings and control surfaces. However, 
such considerations do not come within the 
exclusive sphere of Société Eca. 

This brief outline of the problem of guiding 
pilotless aircraft doubtless contains less per- 
sonal ideas than had perhaps been expected of 
me. However, it will probably give some 
indication of the difficulties met with day by 
day in so new a field. 

Another question is that of the assistance of 
the younger generation. As young engineers 
have no technical tradition behind them, they 
frequently fall for ‘‘miracle solutions.” They 
lack the caution of the old hands. But in our 
field, in particular, we have to find a means of 
combining new personal ideas with old 
experience. ‘This is, at any rate, what I am 
trying to do with my own staff. 

Finally, I should like to express the hope 
that the pilotless aircraft will one day also 
become a tool for peaceful progress, instead 
of, as today, merely a weapon of war and 


destruction. 
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Problems of Rocket Propulsion 


at the 4th International Astronautics Congress 


Where space travel is concerned, we appear 
to have reached the point today where men 
stood half a century ago with regard to flying. 
The first “short hops” have been made by the 
V2, the V7king and other high altitude rockets 
to heights of 200 to 400 km; present scientific 
and technical development is sufficient to 
enable the difficulties to be assessed and ways 
and means invented for overcoming them. 
Such is the impression left by the Fourth 
International Congress of the International 
Astronautical Federation held in Zurich at the 
Federal Institute of Technology from August 
3rd to 8th. As Professor Dr. J. Ackeret 
remarked in his opening speech, the fact that 


the Congress was held at the Institute of 


Technology shows that space travel is being 
regarded as a serious possibility, even though 
its realization may still be some distance in the 
future, 

If we consider how powered flight, which 
is a bare 50 years old, and the utilization of 
nuclear energy, which is only ten, have left 
their mark on our times, we can imagine that 
space travel might have even greater effects. 

Thirty papers were read by scientists from 
America, Argentina, Austria, Britain, Holland, 
Germany, Italy and Switzerland on rocket pro- 
pulsion, controls, aerodynamics, astrophysics, 
chemistry, physiology, radio 
Some of those which 


mathematics, 
and radar engineering. 
dealt specifically with rocket engineering are 
discussed below. 

* 


Dr. W. 
build an outer station, i.e. an artificial moon, 
as a base for interplanetary travel, and that 


von Braun considers it possible to 


such trips can be made even by chemical rockets. 


The problems ot chemical rockets for pur 
poses of space travel resulting from their low 
energy output were discussed by IW. N. Neat 
(Great Britain). He described three typical 
cases: travel from the earth’s surface to an 
orbit round the earth, voyages to the moon 
and to Mars—both of the latter starting from 
the orbit—with landing and return. The factor 
deciding whether such voyages are practi- 
cable is the ‘ake-off weight per tonne of payload 
carried. In Mr. Neat’s view 500 tonnes per 
tonne would be quite impracticable, and more 
than 200 undesirable. Calculation shows that 
for the present exhaust velocities of 2.5 km/sec, 
travel to the orbit would be all that could be 
obtained. If exhaust velocities were increased 
to 4 km/sec, the project would be practicable 
for a structural factor of 0.2 (inverse of the 
mass ratio, i.e., operating weight empty to 
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take-off weight) and with three steps. A trip 
to the moon could not be made with an exhaust 
velocity of 2.5 km/sec, at 4 km/sec it would 
be practicable with five steps and at 6 km/sec 
with three steps. Travel to Mars, however, 
is much more difficult. A structural factor of 
o.1 would be required with an exhaust velo- 
city of 4 km/sec, using ten steps, but even 
then take-off weight per tonne of payload 
would reach the unacceptable figure of 6,000 
tonnes. Only an increase in exhaust velocity 
to 6 km/sec would make a trip to Mars 
possible within the accepted practical limits, 
according to Neat. 

These examples show the considerable im 
portance attaching to an éncrease in exhaust 
velocity in rocket engines. Neat then examined 
their possibilities: increase in expansion ratio! 
and combustion chamber temperature, and 
choice of propellants producing combustion 
gases with lower molecular weight. 

In order to keep dimensions and weight of 
the rocket engine, and in particular of the 
nozzle, down, the éncrease in expansion ratio must 
be accompanied by an increase in combustion 
chamber pressure. This necessitates, however, 
a heavier structure of the combustion chamber. 
The lecturer came to the conclusion that an 
chamber 


increase in combustion 


above present values is only useful with 


pressures 


expansion ratios of 100 or over ; with ratios 
of between 500 and 1,000 there is a consider- 
able weight advantage. Depending on pur- 
pose and size of the rocket, and its total mass 
ratio, there is an optimum of expansion ratio 
and combustion chamber pressure: for travel 
to the orbit it is 70 kg/cm* for the expansion 
ratio of 55, for travel to the moon at 275 or 
600, for the same combustion chamber pres- 
sure, depending on whether acceleration is 
g/2 or g/1o. 


' Expansion ratio ratio between pressure im the 
combustion chamber and pressure in the exit section of 
the nozzle. In free space it can be selected within very 


wide limits, as surrounding pressure is equal to zero 


The possibility of travelling through space depends on 
A rocket engine 
Santa 


increasing the power of rocket engines 
undergoing tests at North American Aviation Ine., 


Susana, near Los Angeles. 
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First step into space : The earth’s surface from an altitude 


of 56 miles, taken from an Aerobee high altitude research 
rocket 


The exhaust velocity would be most efh- 
ciently increased by an increase in the combustion 
temperature, but this is limited by the relatively 
low heat-resisting qualities of present materials 
and the problem of cooling. Neat gives the 
probable top limit—with a permissible wall 
temperature of 1,5;00°C—for normal cooling 
by means of the propellant as 3,500°C, and 
for “‘sweat-cooling” as 4,000°C. If metal 
ceramic combinations are used, the maximum 
permissible combustion temperature could be 
raised to approx. 5,000°C. 

A comparison of the chemical reactions 
obtainable today gives the following picture : 
for travel to the orbit hydrazine with hydrogen 
peroxide would just suffice. Hydrogen with 
oxygen or fluorine would provide a better 
solution, relatively easy to achieve. Travel to 
the moon is not possible with hydrazine/hydro- 
gen peroxide and only just with hydrogen, 
oxygen, though it is practicable with hydrogen, 
fluorine. For travel to Mars, however, none 
of these reactions give acceptable mass ratios. 
Even the assumption of a hypothetical reaction 
of synthetic propellants with a combustion 
temperature of 5,000°K, exhaust velocities of 
5.1 to 5.25 km/sec and a low molecular weight 
of the combustion gazes of 10 leads to com- 
pletely unsatisfactory mass ratios. 

Neat therefore thinks that, with the kind 
of improvement over present-day standards 
which would seem to be quite possible, che- 
mical rockets would be suitable for travel to 
an orbit about the earth and from there to the 
moon. They do not seem to be capable of 
reaching Mars, even with a particularly favour 
excessive total mass 


able reaction, unless 


ratios are accepted. 


There are, however, other types of propul- 
sion. Dr. Lrene Sdnger-Bredt (Paris) discussed 
the thermodynamics of the so-called “thermal 


641 
















A 


te 
* 





High frequency engineering plays an important part in 
rocket development. All measurements in flight are 
“telemetered,” i.e. transmitted to a ground station by 
radio. Picture shows the instrumentation of a model for 
aerodynamic tests at N.A.C.A.’s Langley Aeronautical 
Laboratory, with the “telemetering’’ equipment in the 


foreground. 


atomic rockets.’’ These permit of the utilization 
of the high energies of nuclear reactions, 
their concentration of 


without, however, 


energy. The energy released by the nuclear 
reaction is transmitted to a “working gas,” 
several times greater in quantity than the mass 
Pressure and tem- 


thus 


concerned in the reaction. 
of gas 
independently of one another. 

Mrs. Sanger showed a Mollier diagram of 
and 


perature this can be selected 


hydrogen, allowing for dissociation 
ionization, for temperature ranges of up to 
10,000°K and pressures of 10-° to 10? kg/cm*. 
With the aid of this diagram the attainable 
exhaust velocities at various expansion ratios 
and combustion chamber temperatures were 
calculated as a function of the combustion 
chamber pressure. For given temperatures 
there are found to be maxima for the exhaust 
velocity attainable for various combustion 
chamber pressures; these correspond to the 
state of almost complete dissociation and 
ionization respectively. In the case of gases 
which transmit heat to the walls chiefly by 
radiation it would be necessary to work in the 
neighbourhood of these maxima, as in such 
cases equal temperature corresponds to equal 
heat transfer. As is known, heat transfer is 
the primary limiting factor, as it is determined 
by the strength of the material and by the 
cooling. 

Therefore the working media given pre- 
ference will be the diathermal gases, which 
do not begin to radiate until extremely high 
pressure and temperature ranges are reached. 
Convective heat transfer will then be of deci- 
sive importance. Mrs. Sanger assumes that, 
throughout the temperature range investigated, 
convective heat transfer is determined by 
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the product of density, enthalpy and mean 
gas velocity. This “convection product”— 
after an initial sharp rise—remains practically 
constant for a given combustion chamber 
pressure within a wide temperature range : 
for example from 3,000° to 7,000°K and at 
10-3 kg/cm? and from 5,0009 to 10,000°K at 
10 kg/cm?, i.e. between practically completed 
the of 
If convective heat transfer were 
the 


products, it would be constant within these 


dissociation and first beginnings 
ionization. 
really dependent on above-mentioned 


ranges. For hydrogen at 10 kg/cm? and 
10,000°K, we should still be in the range of 
convection product which was mastered in 
Germany at the beginning of the war for a 
gas oil/oxygen rocket with combustion cham- 
ber pressure of 50 kg/cm*. Because of the 
considerably greater enthalpy at this tempe- 
rature—with the dissociation practically com- 
pleted—exhaust velocities of 16 and 20 km|sec 
are obtainable for hydrogen, with expansion 
ratios of 10 and 100. At lower combustion 
chamber pressures and smaller heat transfers, 
up to 30 &m/sec can be obtained with hydrogen, 
The lower the 


combustion chamber pressure, the higher may 


according to Mrs. Sanger. 


be the temperature used—the convection pro- 
duct remaining constant—and the higher will 
be the exhaust velocity. However this does 
not necessarily lead to higher final rocket 
velocities; as the dimensions, particularly of 
the nozzle, increase sharply and the thrust/ 
nozzle area ratio is very low. The require- 
ment for high thrust per unit area—in contra- 
distinction to the foregoing—entails a need 
for higher combustion chamber pressures (as 
W.N. Neat also pointed out). 


tradictory requirements have to be reconciled 


The two con- 


to produce an optimum combustion chamber 
pressure, depending on the use and size of the 
space vehicle; e.g. for a 100-tonne rocket 
with a mass ratio of 5 for take-off against the 
force of gravity, it is 32 kg/cm?, for a similar 
1o-tonne rocket, on the other hand, it is only 
lower accelerations, the 


12 kg/cm*. ‘For 


optimum value is smaller. 


* 


Professor Dr. E:. Sanger (Paris) took a step 
into the distant future with his lecture on 
photon rockets. 


conceive of space ships which use the light 


Theoretically, it is possible to 


pressure of a tremendously powerful light 
beam for propulsion. Whereas the so-called 
adiabatic rockets, i.e. chemical rockets, thermal 
and ‘pure’? atomic rockets, pass the released 
energy to the whole mass concerned in the 
reaction, accelerating it to speeds far below 
that of light, in the diabatic photon rocket the 
whole energ) released in a nuclear reaction is 
radiated in the form of light energy, that is 
This 
gives a considerably poorer momentum per 
With complete transformation 


not passed to the reacting substances. 
unit of energy. 
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of the reaction substance into radiation, mo- 
mentum output, however, will be equal to 
that of adiabatic rockets, as both processes 
coincide here. 

The justification for investigating this hypo- 
thetical form of propulsion, in Professor 
Sanger’s view, is that only the pure atomic 
rocket or the photon rocket can be used for 
obtaining extremely high cruising speeds. In 
the former, however, the rectification of the 
particles carrying the energy produced is 
much more difficult than in the latter. To 
avoid immediate melting of the mirrors used 
for rectification they must have an extremely 
high reflecting power. Through considering 
the transfer of energy in the elastic collision 
between particles requiring rectification and 
wall atoms, Professor Singer came to the 
conclusion that the energy-carrying particles 
must have the smallest possible mass i.e. that 
photons are particularly suitable for this pur- 
pose. Even if the energy to be produced is 
100 times as great as the energy required for 
the same momentum in pure atomic pro- 
pulsion (with heavy particles), the quantity 
of heat transferred to the mirror, when pho- 
tons are used, can be smaller by many powers 
of 10, because of the substantially better 
reflection qualities then possible. In this way 
it might be possible to prevent the mirror 
from melting. 

However, it will be extremely difficult to 


’ 


required for the pho- 


make the “nuclear lamp’ 
ton rocket. This is a device which supplies 
the energy released during nuclear reaction 
in the form of light. Materials of consider- 
ably higher transparency than today’s optical 
glass would have to be found, as even a very 
small absorption of light would suffice, with 
the tremendous amount of energy radiated, 
to melt the lamp. 

Professor Singer foresaw fantastic future 
possibilities, if the photon rocket is ever realized. 
Interplanetary speeds of several percent of the 
speed of light would be possible, though a 
space ship with this type of propulsion would 
have to manoeuvre extremely carefully. Its 
light beam, which is comparable to a hydrogen 
bomb explosion expanded in time and space, 
should never pass within several thousand 
kilometres of the earth or other space ships, 
as it would otherwise burn everything up. 


va 


In projects hitherto prepared for the con- 


struction of an outer station, no margin of 


error for rocket performance has been allowed 
for in calculations. Mi/ton W. Rosen and 
Richard W. Snodgrass (USA) showed, however, 
that this margin of error should by no means 
be ignored in the present stage of power plant 
A comparison of the altitudes 
actually with 
advance for the best Viking rocket ascents 


development. 
those calculated in 


reached 
gives a mean value of 2.5% for this margin, 
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The effect 
this margin would have in three known 


expressed as propellant-outage. 


satellite projects with launching weights of 
4.9 tonnes, 100 tonnes and 7,000 tonnes and 
estimated orbit altitudes of 320, 800 and 
1,720 km was investigated. The first project 
calls for four steps, the two others for three. 
The result is surprising: the first satellite 
would return to earth: the two others would 
have to remain on orbits at 300 to 500 km 
altitude and 800 km respectively, instead of 
the assumed 800 and 1,720 km. If the planned 
orbits are to be reached, the specific impulse 
of the propellants would have to be increased 
by three or five percent and the launching 
weight by 10 to 20%. The lecturers drew 
attention to the considerable difficulties they 
had met in attempting to produce a propellant 
flow regulator for the Viking rocket, as this 
regulator itself has an error factor. However, 
they considered that prospects of perfecting 
such a device were hopeful. 


* 


One of the oldest living pioneers of aviation, 
Professor G. A. Crocco (Italy), also spoke on 
the construction of an outer station. He 
proposed a new type of step rocket to reach 
orbits round the earth. In it the various steps 
are arranged not one behind the other, but 
side-by-side, and all burn simultaneously. Before 
one step is jettisoned, a certain propellant 
residual from it is pumped into the remaining 
smaller steps, which meanwhile have burnt 
With such a bundle of 
larger and smaller rocket bodies greater 
The con- 


necting parts between the bodies could be 


themselves empty. 
accelerations could be obtained. 


shaped like wings and control surfaces, so 
that each step could glide back to earth when 
jettisoned. 

* 

A proposal for guiding a space ship from 
the earth was put forward by Dr. Marce/ /. E. 
Golay (USA). 
interferometry,” shows a certain analogy 
with Michelson’s light interferometry. A 
transmitter on the earth sends out a signal, 


His system, known as “radio 


e.g. of 300 mc/s. This signal is received in 
the space ship, amplified and returned, mixed 
with other signals. The receiver on the 
ground filters the original signal out of the 
returning signal; the former shows a difference 
in phase as compared with the signal originally 
transmitted from the earth, a difference which 
corresponds to the distance between the earth 
An analysis of the Dop- 
pler effect arising shows that on/y changes in the 
Doppler shift and hence the acceleration of the 
rocket are important. These, however, would 


and the space ship.? 


be slight, once the space ship is approximately 


* This phase difference—in terms of 27—is recorded 
in an electric counter. It gives an indication of the 
distance between earth and space ship, as if the rocket 
were towing a giant rack driving a pinion whose revolu- 
tions can be counted. 
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The behaviour of animals throws 
light on physiological and medical 
questions connected with high 
altitude flying and weightlessness. 
Pictures, taken in an Aerobee 
during the unpowered ascent 
phase (part of a film strip), show 
a normal mouse and one whose 
labyrinth had previously been 
destroyed, attempting to orientate 
themselves in a “state of weight- 
lessness."’ (From the paper by 
Dr. J.S. Gerathewohl, U.S.A.). 


as far away from the earth as the moon is; 
from this moment on the system could be 
switched on. Golay showed that accuracy of 
10° can be achieved in this way for the 
measurement of position and of 10° for that 
of speed. These figures he regards as essential 
for interplanetary flight. There will have to 
be about 20 transmitting and receiving stations 
on the earth, with six of them in constant 
communication with the space ship. 


. 


The military possibilities of an artificial earth 
satellite vehicle for the observation of the 
earth’s surfaces were examined by Kurs R. 
Stehling (USA). 
optical and radar scanning. Requirements were 


He compared the value of 


that a rocket approx. 8 metres in length should 
orbit the earth at an altitude of 800 km and 
be capable of observing the earth’s surface 
Within this 


area a target 600 metres in diameter should 


within a diameter of 800 km. 


still be recognizable—all this with a permissible 
weight for the whole apparatus of 125 kg. 
The radar system scans the earth’s surface 
by means of a radar beam (wave-length 3 cm; 
190 impulses per second), rotating through 
360°, and sends the resulting picture to an 
interpretation station on the earth. The re- 
solving power of the radar image, however, 
is considerably less than that of an optical 
image, and it would be difficult to pick the 
target out from its surroundings, even as a 
solitary dot. On the other hand, the radar 
system would be independent of daylight, 


Launching a Martin Viking (No. 9) into the ionosphere. 
Actual rockets reach heights of 120 to 250 miles. If speed 
and altitude are further increased and the rocket is turned 
into the orbit, it becomes an artificial satellite which 
constantly circles the earth without ever returning to it. 


HE. 











id 


It also remains to be seen 


clouds or fc Ig. 


what disturbances may be expected from the 
Heaviside layer. 

The optical system offers a considerably 
greater resolving power, so that details of the 
target can be recognized. The picture is pro- 
jected via a system of lenses with short focal 
length on to the photo-sensitive surface of an 
orthicon television valve. The latter emits 
photo electrons, proportional to the bright- 
ness of the picture, which, electrostatically 
focussed, give a video signal, so that the 
picture can be sent to earth by means of 
micro-waves. The more the picture is re- 
solved, the greater is the band width required 
for its transmission. This difficulty could be 
circumvented by storing the signals on a 
magnetic tape and transmitting them pro- 
gressively. With the optical system a section 
of the picture can be enlarged before being 
retransmitted to the earth. The advantage 
of very much greater resolving power com- 
pared with radar is offset by the disadvantages 
of dependence on daylight and absence of 
cloud, and of the light absorption in the 
atmosphere. However, it should be possible 
to arrive at an improvement by using infra-red 
radiation. 


With an eye on its possible application to 
rocket engines, Dip/.-Ing. K. Iserland (Swiss 
Federal Institute of Technology) described 
the system of jet deviation, on which a detailed 
report has already appeared in /n/eravia (No. 3, 
1953). The system uses ring-shaped deviators 
arranged around the jet stream. The latter is 
given a rotational movement before it enters 
the deviator rings. 


Recent results of the work on the aero- 
dynamics of rockets carried out by the Aero- 
dynamics Division of the Swiss Federal 
Institute of Technology were given by Djip/.- 
Ing. Z. Plaskowski, who spoke on annular 
wings, which are considerably stiffer than 
conventional wings. Such rings have already 
been used as stabilizers in rockets, but recently 
they have been proposed as main wings. They 


have been investigated in the Institute of 


Technology’s wind tunnels. The lecturer 
showed measured subsonic polars which 
confirm the expected reduction in induced 
drag. The lift derivatives (i.e. variation in 
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lift versus angle of attack) were between 8&6 
and 90%, of the values calculated from the 
elementary wing theory for narrow rings. At 
high angles of attack there is no sudden 
separation of the flow, but—as in the delta 
wing—a gradual transition. Centre of pres- 
sure travel is 2%, up to the beginning of the 
separation and then becomes gradually greater. 
Lift curves of a narrow and a broad ring 
measured in the supersonic tunnel (at Mach 
They approach the 


1.36) were also shown. 


theoretical values expected. 


A paper by Dip/.-/ng. H.R. Voellmy (Zurich) 
contained a contribution to she elementary 
theory of the air forces on slender rotation profiles. 
Earlier measurements at the Federal Institute 
of Technology’s Aerodynamics Division had 
shown the calculation of normal forces on 
slender rocket bodies by the so-called “airship 
theory” of Munk and Jones to be very suitable 
for small angles of attack. This theory con 
siders the momentum contained in the devia 
tion movement made by the air as the rocket 
body flies past. It produces the simple result 
that the normal force is proportional to the 


sine of twice the angle of attack and propor- 
tional to the rear area of the body. Recent 
measurements made by the lecturer in the 
Institute’s supersonic tunnel have shown, 
however, that this theory no longer holds 
good at /arger angles of attack. In these cases 
an additional term, proportional to the square 
of the angle of attack, must be included in the 
calculation to determine normal forces. This 
is because a cross flow gains in importance 
and produces two vortices on the upper sur- 
face of the body. This gives rise to transverse 
forces which are not taken into consideration 
in the potential theory. They can be calculated 
with reasonable accuracy by considering the 
cross flow as a local flow round a cylinder and 
obtaining the corresponding cylinder drag 
as additional transverse force. In this way, 
good agreement was obtained between theory 
and measured results at large angles of attack, 
whereas the simple use of a more accurate 
potential theory gives no satisfying results here. 

In the case of rotation bodies with sharply 
tapering rears, it was also shown that the 


transverse force, even at smaller angles of 


attack, is “of proportional to the geomerric rear 
area. If, however, an effec/ire rear area, taking 


Citta di Torino Airport 


BY AMEDEO PEYRON, MAYOR OF TURIN 


Imedeo Peyron was born at Turin on December sth, 1903. 


Tle practises 


as a lawyer there and is also a member of the bar of the Sacra Rota Supreme 


Tribunal. 


F:lected Councillor of the city of Turin on November 14th, 1948, 


and confirmed in the position on July roth, 1951, he was appointed Mayor 
of the city on July 16th of the same year. He is Commander of the Order of 
St. Gregory the Great, Commander of the Order of Merit (Civil) of the Spanish 
Government and Grand Officer of the Order of Merit of the Italian Republic. 


is city of Turin, which was the cradle of 
Italian aviation and now houses a number of 
groups of the Italian aircraft industry, had 
been without an airport since the war, because 
of war damage and military requisitioning. 
To be able to connect Turin by air with its 
markets and to provide faster communications 
than existing railway services to the capital 
and southern Italy, plans had to be made to 
build a new airport within the general pro 
yramme for the reconstruction of the aero- 
nautical ground organization. As the Govern 


ment had not yet taken action on this pro- 
gramme, the city of Turin took the initiative 
in building and operating a civil airport, an 
ambitious step in a field which previously had 
been left entirely to the central government. 

A sum exceeding 2,000,000,000 lire was 
collected to cover the necessary work in the 
order of priority assigned to it. The airport is 
situated 9', miles north of the city at Caselle 
Torinese and covers an area of 4225 acres. 

It is certificated in ICAO class C and is to be 
up-graded to class B at the beginning of 1954. 


Principal entrance to Citta di Torino Airport ; in the background, administration building. 
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into consideration the thickness of the bound- 
ary layer, is introduced into the simple “airship 
theory,” good agreement with the measured 


results is again obtained. 

From this it was concluded that it is better 
to use the simplest potential theory with a 
summary allowance for the effects arising 
from frictional flow—such as transverse drag 
and thickness of boundary layer at the rear— 
than to refine the potential theory without 
making allowance for the latter. 


* 


Other papers dealt with the remaining prob- 
lems of space travel: mathematical calcula- 
tion of trajectories and corrective manoeuvres, 
methods of exploring high altitudes, particu- 
larly regarding cosmic radiation; experimental 
investigation of the influence of weightlessness 
on men and animals etc.? Taken together 
with the lectures dealing with rocket propul- 
sion discussed here, they gave a compre 
hensive picture of what has been achieved 
and the problems stiil remaining to be solved. 

B.5. 

3 These lectures will be published in volume form at 
the beginning of 1954 by the Swiss Astronautical Study 
Group (Postfach 37, Baden) 





The main runway runs roughly north to 
south, with a slope of approx. 0.6% towards 
the south. Present length of the runway is 
2,025 yards, though in the spring of 1954 it is 
to be lengthened to 2,350 yards. It is 65 yards 
wide, with grass safety strips 330 yards x 
2,480 yards down each side. The centre 
portion has a macadam surface, and the ends 
are in concrete ; it can withstand the tempe 
rature of turbojet engines without deformation. 
Its maximum static resistance is 77,000 lbs. per 
wheel and its dynamic resistaace 96,300 lbs. 


Plan of the runways and parking areas. 
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Alitalia leaves for Rome every day with a ton of newspapers and 40 passengers. 


Citta di Torino Airport is situated excep- 


tionally favourably from the point of view of 


climate, in the valley of the Po. Winds coming 
from the Lanzo valley prevent the formation 
of clouds, and QGO conditions (when landing 
is prohibited) are recorded on not more than 
six days a year, and even then do not last the 
complete 24 hours. This is an extremely 
important advantage considering the high 
percentage of low cloud which restricts flying 
at other airports in Northern Italy. 

The airport is equipped with the most 
modern instruments. 
or in bad visibility the sides and the ends of 
the runway are lit by two-directional lamps 
with an intensity of over 20,000 candle power, 


For landings at night 


taxi-ways are marked by semi-enclosed blue 
lights, indicators are installed at both ends of 
the runway with light markings based on the 
Calvert system to guide aircraft approaching 
from the south. These installations are sup- 
plemented by airport and identification beacons, 
lighting for the aircraft parking area, taxiways 
and vehicle parks. 

Equipment for instrument landing is of the 
ILS 2 system with VHF D/F equipment. The 
airport also uses the VHF D/F station at Bric 
della Croce, 2,352 ft. above sea-level. The instal- 
lations are completed by a telephone network. 


Parked aircraft. 





Airport bar. 


The approach route to the airport from south 
to north cuts across the plane of Cuneo- 
Savigliano, crosses the western edge of Turin 
and Caselle Torinese ; in the opposite direc- 
tion it passes above Cuorgné to the slopes of 
Monte Giovino, about 15 miles from the 
town. Instrument approaches are made in 
the south-north direction. 

Taxi-ways 25 yards wide connect the land- 
ing runway to a parking area 59,800 square 
yards in area ; turns are wide and slope never 
exceeds 1.1%. Other runways are to be 
constructed as traffic increases. 

All buildings have been erected in the 
section between the parking area and the pro- 
road. The administration building 
has_ three 


tower on the top. 


visional 


and carries a _ control 


This building houses the 


storeys 


telecommunications, meteorological, airport 
management offices and all the services pro- 
viding radio aid to navigation. One wing 
contains a passenger waiting room for the 
Italian domestic airlines and the waiting room 
for transit passengers on international lines 
on the ground floor, and the offices of the 
airport civil management on the first floor. 
A bar, an exchange office, shops, etc., are 
provided for passengers, and airlines also have 


premises there. Customs, passport and health 



















formalities take place in a hall communicating 
with the transit waiting room by a covered 
passage, to ensure continuity and regularity 
in the flow of arrivals and departures of pas- 
sengers and goods having to pass through 
This whole organization will be 
Other 


buildings house the electric power station, 


Customs. 


modified as future needs dictate. 
with four control panels, fire fighting and 
first-aid 


for navigational aid and civilian management 


services, accommodation and mess 
personnel etc. 

Adjacent to the main aircraft parking area 
is a secondary area for light aircraft and a 
hangar of medium capacity. 

To the south-east of the landing runway 
and connected to it by a taxi-way is a main- 
tenance area with assembly workshops and a 
medium-sized hangar. These modern work- 
shops are used by Fiat S. A. 

The airport is connected to the town by a 
highway by-passing all built-up areas ; it is 
in excellent condition, there are no obstruc- 
tions to visibility, and the distance can be 
covered in a quarter of an hour. A secondary 
railway starting from the centre of the town 
runs to within 220 yards of the airport, which 
is also connected with the Turin—Milan 
autostrada. 

This important work, begun by the city of 
Turin in 1947, may be considered as finished. 

The air services operating from its new 
airport to the far corners of the earth will 
help spread the fame of Turin for the good 
of Italy as a whole and the development of 


its industrial and commercial activities. 
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year’s, crop.of new types ey ee 
meagre—as we pointed out im the October 
issue of Interavia Review; and the comparative 
dearth of “spectator thrills” was due partly to 


the strict instructions issued to the test pilots 


to refrain from “shooting up” the watching 


crowds—in order to avoid even the possibility 
of a repetition of last year’s tragic crash of the 
D.H.110 experimental fighter—which more or 


less limited the low-level demonstrations to 


straight, fast up-and-down passes along the 
runway. 
Another, more important fact is that the 


real character of the Farnborough Show was 
deliberately underlined by the organizers this 
year. What is Farnborough, after all ? Clearly, 
a sales demonstration in the first place, a 


justification of the British taxpayers’ defence 


* Cf. “First Impressions of the 14th 8.B.A.C, Display,” 


Interavia Review, No. 10, 1953, pages 596 to 601. 


For sale—civil aircraft. The Bristol Britannia turboprop 


airliner is in production for B.O.A.C. Larger versions are 


planned. 


had’ Béen’ “less sakeieolad” than in former equipment is 
_ erage as the novelties from which the % 










burden in the s . And, 

equipment aré shown he 
trade shows and fairs “alh’ over the world ? 
goods, mostly—for 
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was @mphasized by the inclusion, for the ei “i 
‘time this year, of a full day reserved for the to 


demonstration of commetcial transpott equip- 
ment. This is no coineidence, for this year, for 
the first time since the war, the British aircraft 
industry was able to offer for sale a whole 
range of production-version commercial trans- 


9? 


port aircraft, from the small feeder “bus” to 
the large high-speed airliner and the ponderous 
medium and heavy cargo transport. 
these at least have proved their worth in 
regular commercial aviation, while others are 
manufacture. 


in advanced of series 


stages 
Britain’s manufacturers are fully aware that in 
the next ten years the world’s commercial air- 
lines must order well over $500,000,000 worth 
of new equipment and spares, and they are 
going all-out to collar a large share of the 
prophesied bonanza. 

While the show naturally included a numeri- 
cally predominant quota of service aircraft 
not alter the fact that com- 


types, this does 


The new extended jet pipes on the Britannia. The air- 


craft has four Proteus 705 turboprops of 3,750 h.p. each. 


mstrated at® 
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Some of 





Display. jh these days oe international treaty 
organizations and the emancipation of the 
ormerly: ‘ “under-developed” countfies, selling 


’ military aircraft has ceased to be a commercial 


proposition.” It is nd longer | a question. of 
convineing a potential customer that your own 
uct is'the best, oratileast the most likely 
meet the clignt’s requirements. Top-per- 
‘forminig combat aiteraft are not for sale in the 
open market anyway—they are bought by 
governments or allocated under _politico- 
military tie-ups. As regards second-rate or 


the “‘new” nations 





obsolescent equipment, 
are no longer keen on spending their (mostly 
scarce) funds on material which would be of 
doubtful utility in an emergency—unless, like 
a few countries in the Western Hemisphere, 
they know that they would not be in the 
battlefront immediately upon the outbreak of 
a new war. This does not mean that Britain’s 
industry is neglecting its military sales : on the 
contrary. But this kind of trade is conducted 
at inter-governmental level and not by the 
salesman in the field, and a show of the ‘‘Farn- 


borough” kind is not essential for the success 


of the negotiations. 


By now, the aviation world has become 


more or less familiar with the fundamental 


The de Havilland Comet IJ jet airliner, also in production 
for B.O.A.C. The type, which was not shown at Farn- 
borough, since it was undergoing airworthiness trials, is 
powered by four R.R. Avons of 6,500 lbs. static thrust 


each. 
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The de Havilland D.H. 114 Heron four-engined feeder liner is now available in the Vickers Viscount turboprop medium-stage airliner. This one was borrowed from Air 





Mark 2 version—with retractable undercarriage. France. A “stretched-out” version, the Series 800, is planned. 










features of the commercial transports Britain is 


offering for sale. However, improvements fl 








incorporated or projected for the basic types 
year by year justify the exhibition of aircraft 


previously shown and provide a yardstick to 






the steady progress British industry is making 



















in the transport field. 





The post-war headway British transport 
manufacturers have made was emphasized by 

Gordon R. McGregor, President of Trans- 
Canada Air Lines and guest of honour at 
S.B.A.C.’s Flying Display Dinner on Sep- 

tember 7th—guest of honour, probably, 
because he was the first dollar customer to 
| buy some of Britain’s new turbine-powered 


transports, namely, 15 Vickers V/scounts. 
McGregor said, among other things : “In four 


years the British aircraft industry has moved 










7 Front view of the Beverley. Cargo carriers, also for sale to civil and military custo- 
The Blackburn & General Aircraft Beverley military mers. This Bristol 170 twin-engined Freighter houses the 


; freighter is also offered as a civil transport, the Universal, fuselage of a Supermarine Attacker naval jet fighter 


q Three have been ordered by Silver City Airways for its 
eross-Channel car ferry. The vast rear doors and cargo hold of the Beverley. 
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The fixed-undercarriage Heron Mark 1 has been sold to 
a variety of countries, including Indonesia. 
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VICKERS-SUPERMARINE 
Swift Mk.4 





The third and youngest *V-bomber” 


is the A.S. Sapphire powered Handley 





Page Victor erescent-wing bomber. 


\lso in super-priority production, only the prototype has flown. 


from the position of being unable to supply its 
own airlines to one in which it has met all 
demands of the home market and has on its 
hooks substantial orders for export of aircraft 
to many countries in both the dollar currency 
area and elsewhere.” Outlining three major 
factors which he considered as having contrib- 
uted to this success, he listed the following : 
“First, the country’s determination to repair 
the ravages to its industrial and financial posi- 
tion resulting from the war. Second, the 


existence in England of many excellent 


designers. ‘Third, the fact that the British 
approach to the problems associated with the 
development of airframes and aircraft engines 
inherently provides more flexibility than in the 
case of Britain’s chief competitor in those 
fields...” 

It is obvious that the $.B.A.C. had been well 
advised in their choice of a guest of honour, 


and this reference to the Anglo-American 


rivalry in the commercial air transport business 
—coming as it did from a Canadian source 


‘ 


which automatically was considered as “‘nearly 


American”—-was bound to raise a number of 
eyebrows. McGregor went on to explain the 
meaning of his statement : 


“To the people who have had the opportu- 


nity of watching aircraft types being developed 


both in Britain and in the United States, it 
seems that, while many of the problems are 
treated in an identical or similar manner, there 
is one difference that I believe stems from the 
wage structures of the two countries. Man 
power is such an expensive commodity in the 
United States that it is becoming increasingly 
necessary to be economical of its use to a 
degree unknown in the United Kingdom. It 
is perhaps not an exaggeration to say that if 
there is to be production of only a few thou- 
sand of a single component, in the United 


States it is cheaper to build and install a 


Rear view of the Avro Vulcan delta bomber. 


Another *V-bomber” is the Avro Vulcan four-jet delta 
also in super-priority production. Only two prototypes 
Here is the second, powered with Bristol 
The 


competition 


have flown. 
Olympus jets like the future production types. 
trials in 
Vietor 


Vulcan will undergo evaluation 


with the third of the series, the H.P 











Military aireraft in production ; the Vickers Valiant four-jet bomber, king pin of the **V-bomber”’ trio, The Valiant 


B.Mk.1 is in super-priority production, and aireraft are expected to come off the line in 1954. Shown at Farnborough 


The Beverley is surprisingly manoeuvrable for its large 
was the latest version, the B.Mk.2 (below) which has a new type bogie undercarriage with protruding fairings, as well 


size. 





Reversible-pitch propellers shorten its landing run, 
enable it to “turn on a penny”’ and taxi backwards. 


A bush pilot’s dream, the D.H. Beaver Mk.2. 
has a more 


Originally 


designed by de Havilland-Canada, it now 
powerful Alvis Leonides radial engine giving it greatly 


improved take-off performance and speed 
I J ! 


as a longer nose 
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Two of the R.A.F.’s super-priority fighters are now 
coming off the production lines, the Hawker Hunter and 
the Viekers-Supermarine Swift F.4. Shown landing 
above is the Hunter F.2 which has an A.S. Sapphire 


engine in place of the F.1's Avon. 





The flame-red Hawker Hunter F.1 of Hawker Chief Test 
Pilot S/Ldr. Neville Duke, who for a short while held the 
world speed record established on September 7th. 









The only British jet bomber in squadron service—the 
veteran English Electric Canberra. Experimental Can- 
berras fitted with Bristol Olympus and Rolls-Royce re- 
heat Avons astounded by their rates of climb—they 


seemed to rise straight up like balloons. 


“ ee 
The second British production fighter, the Swift F.4. 
This machine, piloted by Lt.-Cdr. Michael Lithgow, beat 
S/Ldr. Duke’s record in the hot Libyan air on September 
25th—-only to be beaten in turn in the even hotter air 
of Southern California by Lt.-Cdr. James Verdin, USN, 
in a Douglas F4D Skyray interceptor on October 3rd. 


on 
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| The Gloster Javelin twin-Sapphire all-weather fighter is another example of the difficulties involved in getting Britain’s 
| complicated military ‘cans of worms”’ into production. Although ordered under “super-priority’’ contract some time 


ago, only a prototype is flying. 





The Hawker Sea Hawk carrier-borne jet is the Navy’s latest fighter. 








$100,000 tool, if one half man-hour of pro- 
duction time is saved per component. This 
condition is driving the American manufacturer 
into fantastically large investments in tooling. 
Where vast production quantities are involved, 
as in the case of the stock motor car, no harm 
is done, the ultimate cost of the finished pro- 
duct is kept within reason, and there is assured 
interchangeability of parts. 

“These advantages unhappily vanish where 
the production of large civil aircraft is involved. 
The total number of any one type is unlikely to 
exceed 200 or 300, yet, having been driven into 
a massive investment in tooling, the manu- 
facturer finds it economically difficult to 
abandon a design in favour of one more 
advanced. He might be glad to see the end of 
the old type but he cannot scrap twenty or 
thirty million dollars worth of tooling. This 
has produced a tendency to retain overlong 
airfoils and fuselage sections and to produce 
so-called new types by strengthening existing 
wing structures, elongating existing fuselages, 
and installing more power and tankage, thus 
confining basically new design to such relatively 
minor components as undercarriages. 

“On the other hand, in Britain it seems to 
the outside observer that its lower cost has 
made possible a greater use of manpower, with 
a consequently small investment in the tooling 
specific to any one aircraft type. Three advan- 
tages result, although two of them are closely 
related. Firstly, the cost of the finished aircraft 


for which no great quantity of production can 


The Auster Ajglet trainer landing on one wheel. 





The Westland Wyvern turboprop-powered naval strike 


fighter is now in squadron service. 
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be foreseen is substantially less. Secondly, 
the manufacturer can undertake the production 
of a comparatively small number of any one 
type, without risking the financial loss of a 
large amount of scrapped tooling. Thirdly, 
and perhaps of greatest importance, the 
manufacturer can progress from type to type, 
keeping pace with the changing demands of 
his market and the advances in power plant 
development. It would seem to be safe to 
forecast that only in the mass production of 
military types will it ever be well to hang 
around the neck of an aircraft a plant tooling 
investment so large that it becomes economi- 
cally impossible to send that design to ‘honour- 


able retirement’.”’ 


Thus, it was S.B.A.C.’s guest of honour 
himself who underlined the essentially com- 
mercial aspect of what could be termed a 
“civil aircraft show with military overtones.” 
That Britain’s designers propose to keep it so 
became clearly evident from a stroll through 
the exhibition hall, from conversations with 
manufacturers’ representatives at their stands. 
One realized that in their quest for the world’s 
civil aviation markets British aircraft builders 
are simultaneously tackling several phases of 
transport aircraft construction : 

1. “Express Airliners” —Present : Modern 
types such as the D.H. Comet //, the Bristol 


Britannia and the Vickers Viscount 700 are 


The Scottish Aviation Pioneer 2 is a slow-flying light 
liaison aircraft ; it has been ordered for liaison work in 
the fight against the terrorists in Malaya. 





The Pioneer 2 owes its low-speed qualities to its power- 


ful flaps and slats and an elevator unit with ‘negative 
slats.” 
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Also in quantity production and squadron service is the Avro Shackleton MR.2 long-range patrol bomber of R.A.F. 


Coastal Command. This rear view discloses the radome. 


















A perennial Farnborough visitor is the Percival Pem- 
broke liaison survey and training aircraft, which is in 
production for Royal Navy, R.A.F. and export. 


Another prototype—seen for the first time this year 
was the Short Sea Mew anti-submarine aircraft, which 
furnished further evidence of Britain's growing interest 
in the cheap, utility combat aircraft. 





near future. 








At Farnborough the Shackleton MR.2 carried a lifeboat, 
flew on one of its four R.R. Griffon piston engines. 


Prototypes without production orders included the de 
Havilland D.H. 110 twin-jet all-weather fighter, which 
is now under development for the Royal Navy. 





Production deliveries of the Fairey Gannet anti-submarine type—another super-priority type—-are expeeted for the 





















The Pereival Provost 7'./ is the R.A.F.’s standard basic 


trainer. Now in squadron service, 
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The Avro 707C delta-wing trainer prototype is a development of the 707A and B experimental aircraft. 


<r 





Delta formation : three of the four little ones are experimental : two Avro 707A’s, one 707B. The fourth is the 707C 
trainer. The other two are the Vulcan prototypes, with the Olympus-powered second prototype leading the way, the 
Sapphire-equipped first prototype bringing up the rear. 


Not expected ever to emerge from the experimental stage is the Saro Princess giant flying-boat—still one of the most 
I £ ] x s 


impressive machines ever built. 














The Bristol 173 helicopter prototype (note new stub wings) is an intermediate step towards the 40-seater intercity 


helicopter *bus,”’ on which five firms are working at present. 


being built in quantity for immediate service or 


introduction in the near future (1955). 


2. “Express Airliners — Future: More ad- 
vanced types are in the development stage, 


“ce 


based mostly on the principle of “stretching 
out” existing designs—a principle castigated 
by T.C.A.’s McGregor—and destined to be 
ready some time after 1956. These include the 
Comet IIT, the Britannia 100, 250 and 300, the 
Viscount Series 800. 


, 


3. ‘Express Airliners” —Remoter Future : 
Included in this phase will be aircraft now 
forming the subject of basic research ; none of 
them is expected to be ready for service before, 
say, 1960. They will have an all-up weight of 
approximately 200,000 Ibs. and be capable of 
carrying 100-150 passengers across the Atlantic. 
There are five such types at present : Comet lV, 
Handley Page H.P.97 scimitar-wing type, 
Avro Aflantic delta-wing airliner, Vickers 
VC.7 and a Bristol Britannia development. 
How many will actually be built is another 
question, but the Comet 1V and Vickers VC.7 


are a sure bet. 


4. Douglas DC-3 replacement: ‘This old tor 
mula has suddenly inspired a number of British 
designers to take action, and three projects 
have so far been announced: the Handley 
Page HPR.}3, the Aviation Traders Accountant 
and the Percival P.87. Other companies are 
known to have conducted design studies, 
including English Electric Co. How many of 
these will see the light of day even in prototype 


form remains to be seen. 


5. Freighters: Several manufacturers are 
working on plans for new specialized cargo 
aircraft. Blackburns have a project, the U/ni- 
versal with Napier Nomad engines, Bristols are 


continuing to build new versions of that 
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The Boulton-Paul P.111A experimental delta surprised 
by its high speed. Here it is making a slow pass, with 
air brakes extended. 


veteran money-maker, the Type 170 Freighter, 
and are studying a design called Britannia 200, 
D.H.-Airspeed are contemplating an Ambas- 
sador freighter and Vickers-Armstrongs a 


Viscount cargo version. 


6. Feeder liners—and helicopters: While de 
Havilland is maintaining its position in the 
market for small twin and four-engined feeder 
liners with the Dove and the two versions of the 
Heron, intensive work on feeder-line helicopters 
seating around 4o is being conducted by a 
variety of firms, including Bristol, Fairey, 
Percival, Saunders-Roe and Westland. 

Most of this “programme”—if it deserves 
the name—is still on paper. However, if only 
one or two types mature in each category, they 
will suffice to give Farnborough the aspect of 
a commercial transport aircraft fair also in 


future. 


In the field of military aircraft, this year’s 
show brought a mixture of types which have 
left last year’s prototype stage for the pro- 
duction phase, prototypes which are scheduled 
for production but haven’t quite made it yet, 
new prototypes, experimental aircraft and 
military engine test beds. To the first category 
belong the Hawker Hunter and Vickers-Super- 
marine Swift fighters, both ephemeral world 
speed record holders, which are now rolling 
off the assembly lines; and the Westland 
Wyvern naval strike fighter, at long last in 
squadron service. To the second category 
belong two of the three “V” bombers, the 
Vickers Va/iant, king pin of the trio, which 
appeared in its production version but is 
hardly in “production”; the Bristol O/ympus- 
powered production version of the Avro 
Vulcan delta. The latter is to be built in a 
number sufficient to permit full-scale evalu- 
ation trials with the Handley Page Victor. 
Still in prototype form but supposedly in 
“super-priority” production’ was also the 
Gloster Javelin all-weather fighter. An entirely 
new prototype was the ungainly but probably 
practical Short Sea Mew anti-submarine air- 


craft which furnished additional evidence of 
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The Short SB.5 experimental *‘near-delta”’ aircraft (right) is used to test variable degrees of wing sweep, high and 
low-set elevator units.—Another Short experimental is the SB.4 Sherpa (left), powered with two Turboméca Palas 
miniature jets. It features a so-called aero-isoclinic wing to meet control and manoeuvrability problems at high 
altitudes. Shown as a model at Farnborough, it first flew on October 5th. 


Britain’s increasing interest in the low-cost 


“utility” type of combat aircraft. 


To sum up the impressions gained from the 
14th S.B.A.C. Display at Farnborough, we 
would say that in the civil field the British air- 


craft industry showed its ability and ambition 


as a major supplier of commercial aircraft. In 
the military field it revealed that it is still 
having trouble in putting complicated proto- 


’ 


types—‘‘cans of worms,” McGregor called 


them—into rapid production. And as far as 
design, engineering and experimentation is 
concerned, nobody has ever doubted the 


imagination of Britain’s scientists and engineers. 








Glimpse into the Future 


Baicish designers are busily working on a 
variety of new commercial transport models 
in an endeavour to secure a large share of the 
world’s commercial transport orders expected 
to materialise in the next ten years and esti- 
mated to involve $500,000,000+ in air- 
craft and spares. Some of the designs shown 
in model form at Farnborough are illustrated 
below. 


Farther away : the Viekers VC.7. Metal is being cut for 
a military prototype, the Vickers 1000. Four R.R. Con- 
ways. 


Also far away: the Handley Page H.P. 97 «double- 
bubble’’—-fuselage crescent-wing transport. Four Sap- 
phires (7). 


Douglas DC-3 replacement : the Percival P.87 with two 
Napier Eland turboprops. 





An “express airliner’’ of the relatively near future—the 
Comet 111, Prototype is to fly next summer (four R.R. 


Avons). 





Still farther away: the Avro Atlantic delta-wing trans 
port (four Olympus jets). Unlikely that construction 
will start before an order is placed. 


Douglas DU-3 replacement : Aviation Traders Accountant 
(2 R.R. Dart turboprops) 





Douglas DC-3 replacement: Handley Page-Reading 
H.P.R.-3 with four Alvis Leonides Major radial piston- 
engines. 












































Aboard 
the First International 
Helibus 


BY GEORGE FEVRIER, PARIS 


ies opened its first international heli- 
copter services some weeks ago. Using two 
Sikorsky S-55s, the Belgian airline runs three 
Rotterdam and 


services Brussels—Antwerp 


return (7 hours in total), one Brussels—Maas- 
tricht service and return (2 hours 4 minutes), 
Maastricht—Cologne 


one Brussels—Liége 


Bonn and return (3 hours 50 minutes), 


and two Brussels—Lille and return (3 hours 
40 minutes) every day except Sundays. This 
makes a total of 16 hours 34 minutes utilization 
for the two machines every week-day. Time 
spent at stopping points is reduced to a strict 
minimum. For example the machine that 
arrives at the Bonn terminus at 14.05 hours 
leaves again at 14.08 hours, 3 minutes later! 


Each of the helicopters therefore has an average 


Lille’s *theliport’’ is situated at Place des Buisses. The 
“airport building” (left) consists of three well-lit rooms. 


Flying over the countryside—but where are we? 





=—S 


The first of Sabena’s three Sikorsky S-55 helicopters landed at Antwerp aboard the Belgian ship Bastogne on July 6th. 


It is now in regular operation. 


daily utilization of 7 hours throughout the 
week, a remarkable figure for services as new 
as the “first international helibus network.” 

It is still too early to say whether these 
services really meet a need and whether they 
will pay. At present the machines, which 
have seats for 8 passengers, are operating with 
a load factor of 100%, but the novelty has 
not yet worn off and quite a number of per- 
sons are making trips without any particular 
reason, to see what it is like. 

Nevertheless, the experiment is an interest- 
ing one. It gives tremendous publicity to air 
transport (landings and take-offs in the heart 
of the city and flights at low altitude), and 
enables Sabena to gain a lot of experience 


which will undoubtedly be of use to it one day. 


Ready for take-off. 





But away with dull facts. Today I invite 
you to fly with me from Lille to Brussels, just 
for the fun of it ! 
x 
““And what time do I report at the heliport ?” 
“Why?... 
I had just bought my return ticket from 


” 


At the time of departure. 


Lille to Brussels for 3,930 French francs (not 
much more than the cost of a joy-flight) and 
When you take off 


from Orly you have to report to the Invalides 


I got my first surprise. 


an hour and a half beforehand and when you 
fly from London Airport you have to be at 
Waterloo air terminal something like 100 mi- 
nutes before take-off time ! Of course there 
Lille heli- 


port is at Place des Buisses, behind the railway 


is no long bus-ride.to the airport 


station and two minutes walk from the centre 
of the town, and in Brussels the Allée Verte 
terminus is less than five minutes from Place 
de Brouckére—but there are still customs, 
police and reporting formalities... All these 
services, however, are being most cooperative ; 
the time taken by the normal formalities, which 
would have nipped helicopter services in the 
bud, has been very much reduced. In the 
minute air terminal, a small white building 
with three rooms, everything goes off per- 
fectly. A Sabena employee registers my case 
(maximum 22 lbs., which may be a bit difficult 
for transit passengers) and gives me a police 


form—a simplified one since it asks only 


Just ask the pilot by telephone ! 
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identity details and can be filled up without 
consulting one’s passport or identity card—an 
envelope which I am to open when I am in 
the aircraft and... some cotton wool for my 
ears! The whole thing takes less than a 
minute. The police take my form, stamp my 
passport : 30 seconds. As for the customs 
officials—both French and Belgians are equally 
affable—their “Shave you anything to declare ?” 
seems to be merely a polite formula! Less 
than two minutes after my arrival I am out 
on the field. This is a piece of ground about 
40 yards square marked out rather like a 
football pitch. The S-55 has just arrived from 
Brussels, its passengers have got out and my 
travelling companions and I replace them. 
During this time the pilot has not even 
stopped his engine—in spite of myself I duck 
my head, although the rotor is turning well 
above me. The door is closed and off we go. 
The take-off is not a bit like in a normal air- 
craft but gives me the well-known sensation 
of being lifted by cable, like going up in an 
elevator. After making a little turn over the 
city of Lille, now enveloped in haze, we set 
off towards Brussels at about 350 ft.... 

Let us look around a bit at the cabin. Well 
lit by four rectangular windows and with its 
eight seats, it rather resembles those very 
small buses. But the noise of the Wasp and of 
the rotor definitely belong to the aircraft world. 

The usual signal ‘Fasten your seat belts— 
No Smoking” does not go out, for the simple 
reason that it is not luminous and that smoking 
is prohibited throughout the flight. The 
company is afraid that without a hostess to 
remind them, travellers might not remember 
to put their cigarettes out before landing. 

Let’s take a look at my companions... 
one of them is already asleep, another is 
reading, one over there is looking out at the 
landscape, this one is trying to locate our 
position on the map, but he fails to do so and 
takes down the telephone and asks... the 
pilot : 

“We are flying at 4oo feet. There is a fairly 
strong following wind and we have just 
crossed the frontier above Touffers.” 

Personally I never tire of watching what is 
happening on the ground. At 4oo ft. there 
are no clouds or haze to obscure the country- 
side. It amuses me to reconstruct the ar- 
chitect’s intentions as we fly over big country 
houses, to watch animals going to drink, 
windmills turning as if there were nothing 
else in the world to do, and trains comically 
puffing away without ever succeeding in 
escaping from their iron tracks. 

Like a large insect, our helicopter flies 
along heavily, making haste slowly. Now 
we are over Renaix and its brickworks, there 
is Ninove with its fields of flowers like a 
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Sabena’s passenger agents approach the helicopter, their 
trousers flapping in the rotor downwash. 


giant modernistic carpet... But Melsbroeck 
is already coming into sight. The helicopter 
descends and sets itself down... two Sabena 
employees are waiting for us. 

“Any passengers for Amsterdam or Copen- 
hagen ?” 

Two passengers get out. They are taken 
straight away to the aircraft which is to fly 
them to Holland and Denmark. They have 
come from Lille by helicopter more quickly 
than they would have covered the distance 
from the centre of Brussels by car! This 
feeder service will probably bring Sabena a 
good number of passengers who would other- 
wise have taken other airlines from Paris, 
Frankfurt or Amsterdam... 

But we are on our way again. There is the 
Palais Royal already, the Botanical Gardens, 
Saint Gudule... down we go between two 
rows of trees along the Allée Verte, at the 
end of which the heliport, as small and at- 
tractive as the one at Lille, awaits us. 

We are asked to get out as quickly as 
possible. In a few minutes, as soon as it has 
been refilled, the S-55 will take off for Liége 
and Maastricht... 

Our journey is over. We have covered the 
distance between Lille and Brussels in a little 


over 50 minutes. A fast car, with the roads 


INTER 5 AVIA 


Brussels heliport on Allée Verte is less than five minutes 
from the Place de Brouckére-—but there are still customs 


and police formalities... 


in not very good condition, customs formalities 
and the slowing up necessary through villages, 
would have taken nearly 2 hours. But then 
I should have had it with me now ! 

Customs and immigration officials work 
even faster than on departure, but I still have 
one formality to complete: well-trained as 
I am, I hand over the form which will qualify 
me to receive the certificate issued to the first 
1,000 passengers on the first international 
helibus network (I feel like a VIP over the 
North Atlantic in 1945. What an honour !). 
And I willingly fill in the questionnaire which 
I found in the envelope. 

Have you ever flown before? What a question ! 
Did you enjoy travelling by helicopter? Of course. 
Would you make this 
Always? Perhaps ? 


I wonder if anybody ever 


Ah, here’s a better one. 
trip again by helicopter ? 
Never? Why? 
says No... and why ? Finally, lave you any 
suggestions for improving this service? 1 have. 
Sabena should provide good route maps for 
its passengers—most other airlines do—and 
a loud-speaker (why not, since there is already 
a telephone ?) to enable the pilot to point out 
the towns and villages flown over. The last 
line of the questionnaire contains the two 
words Thank you. Not at all, the pleasure 


was entirely mine. 























Dr. Walter Muri, Central President of the Aero Club of 
Switzerland and General Manager of the Swiss Philips 
works, and Dr, Jean-Tony Lacour, lawyer and Professor 
of Transport Science and Air Law at the University of 
Geneva, have been appointed to the Swiss Federal Air 


Commission. 


AVIATION POLITICS 
@ $200,000,000 for Spanish ground organization 


In addition to the $226,000,000 economic and military 
assistance to be furnished to the Spanish Government 
under the Spanish-American bases agreement, the 
United States is expected to spend about $200,000,000 
for the improvement of air bases, ports and roads. 
Bases to be placed at the disposal of the Americans are 
said to include a large air base near Madrid and two 
smaller bases near Seville and Barcelona. Additional 
air bases will be built or improved at a later stage. 


@ |1.C.A.O. recommends increased liability limit 
The Legal Committee of the International Civil 
Aviation Organization, meeting in Rio de Janeiro for 
its Ninth Session, recommended that the maximum 
liability of air carriers towards passengers, laid down in 
the Warsaw Convention of 1929, should be increased 
by 60%, from $8,291 to $13,267 for any one passenger. 


* Extracts from Interavia AIR LETTER, daily 
international news digest, in English, French and 
German. All rights reserved. 


@ All mail by air 

The strict separation of airmail payments and 
subsidies, in force since October 1st, has been accom- 
panied by a U.S. Post Office scheme for all first-class 
mail to be carried by air between New York and Chicago 
and between Washington and Chicago. 


@ Amendment of Air France's charter 


Decrees before the French Government relating to 
the reorganization of commercial aviation reveal a plan 
to make Air France into a mixed enterprise undertaking 
and run it on private enterprise lines. Present subsidies 
are to be replaced by a system of payments for services 
rendered in the public interest. To increase its working 
capital Air France is to be allowed to take up loans, 
which may he guaranteed by the Government. 


SERVICE AVIATION 
@ Nine N.A.T.O. bases in Turkey 


Construction of the first three of a total of nine 
N.A.T.O. air bases in Turkey has begun. They will be 
located at Konya, Diyarbekir and Eskisehir, are 
estimated to cost £T 31,000,000 (approximately 
$11,000,000) and will be built by a New York firm, 
Paul Kretzer & Son. 


@ Under the threat of the A-bomb... 


After a month’s tour of Europe, U.S. Civil Defense 
Administrator Val Petersen stated that no country in 
Western Europe was ready to meet an atomic attack. 
American precautions, too, were inadequate. United 
States latest civil defence plans list 193 ““A-bomb target 
areas,’ each comprising a city of at least 50,000 inhabi- 
tants. At present American air defence organizations 
consist of: 1. 11,800 air observation posts on 24-hour 
duty, radar stations along both coasts, in Alaska, 
Canada, Greenland and picket ships (observation posts 
are to be increased to 20,000 with 500,000 part-time 
observers in 36 states feeding information to 150 air 
defence centres) ; 2. Ninety jet interceptor squadrons 


Participants in the London—Christchurch race, run in two classes, the Speed Section and the Transport Handicap Section. 
In the foreground five English Electric Canberras from R.A.F. and R.A.A.F. Behind them the R.N.Z.A.F.’s Handley 
Page Hastings and K.L.M.’s Douglas DC-6A, two of the competitors in the Handicap Section ; not visible behind 
the DC-6A is the Vickers Viscount 700 prototype, which was flown by a B.E.A. crew.—The Speed Section was won by 
Flight Lieutenant R.L.E. Burton of the R.A.F. in a Canberra P.R.3, the Handicap Section by the K.L.M. DC-6A. 



















What's in the Air ? 


* 


to be fully equipped with North American F-86D 
Sabres, Northrop F-89 Scorpions and Lockheed F-94C 
Starfires by September, 1954; 3. 113 anti-aircraft 
battalions equipped with radar-controlled Skysweeper 
guns (many will have anti-aircraft missiles within a 
year). Nevertheless American experts continue to 
maintain that counter-attack is the best defence. As no 
more than 60%, at the most of high-flying bomber 
formations could be shot down, effective “defence” 
could best be provided by building up a large retaliatory 
striking force. 


AIR TRANSPORTATION 
@ Is the European air-minded ? 

The Italian Air Transport Development Centre 
(Centro per lo Sviluppo dei Trasporti Aerei) has 
published a brochure giving the text of a lecture by 
Salvatore Tomasino entitled “The recent development 
of passenger Air Transport.” Tomasino’s figures 
include a list of the passenger kilometres flown per 
inhabitant in a number of European and non-European 
countries (see page 657). 


@ Russian Air Transport Figures for 1952 


J. Wilford Rizika, former member of the Massa- 
chusetts Institute of Technology, gives the following 
figures for Russian air transport in 1952 : route network 
270,000 km, aircraft kilometres 185,000,000, passengers 
8,000,000, freight 325,000 tonnes, mail 23,000 tonnes. 
He also states that although the Russian route network 
is bigger than the United States’ domestic system, a large 
number of Russian routes are flown only sporadically. 
Frequency and regularity of Russian air transport are 
only a fraction of the American figures. He estimates 
the Russian commercial air fleet (Aeroflot and Avia- 
arktika) at 300 aircraft, principally of the following 
types : IL-12, PS-84 (Li-2, Russian version of the DC-3), 
Shch E-2, Yak-16. The four-engined IL-18 derived 
from the IL-12, is being used to an increasing extent for 
long-distance and trans-continental services. 


@ Swissair’s best Traffic Month 


August 1953 was Swissair’s best traffic month since 
the company’s formation in 1931. Tonnes-km offered 
increased by 42% compared with the previous August. 
Passengers 59,633 (plus 60%,), freight 263,449 kg (plus 
27°), mail 142,487 kg (plus 58%,). 


INDUSTRY 
@ American Aircraft Industry's Backlog 


In mid-September American aircraft manufacturers 
had orders on their books valued at $18,940,000,000 
(94°, military, 6°, civil), which it is estimated will keep 
them fully occupied until July 1st, 1956. No other 
industry in America has such a large contract backlog, 
since no other industry accepts orders so far in advance. 
A spokesman of the U.S. Department of Commerce has 
stated that the expansion goal for facilities to manufac- 
ture modern transport aircraft is to remain unchanged. 
It has been recommended that the programme of author- 
izing quick tax write-off allowances for expansion of 
production facilities be left undisturbed. Present goal 
for transport aircraft calls for sufficient capacity to 
produce 600 modern machines in the five-and-a- 
half years between January Ist, 1950, and June 3oth, 
1955. 
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F:uropean Countries 


Passenger kilometres per head of population (scheduled domestic and foreign traffic) 








Non-F:uropean Countries 














Comlry 1957 1950 1934 Country 1957 1950 1938 
Holland 85 76 7.0 Australia 178 155 10.0 
Norway 61 49 0.8 USA 137 108 6.6 
Switzerland 42 31 3.2 New Zealand 112 82 6.5 
Denmark 39 35 1.5 Canada 74 60 1.6 
Sweden 37 32 2.2 Mexico 33 24 1.5 
England 34 25 1.8 Colombia 31 2 
Ireland 33 27 0.7 Southern Rhodesia 27 19 
Belgium 32 26 2.0 Brazil 23 16 0.7 
France 30 27 1.8 Lebanon 18 
Spain 10 7 0.5 South Africa 17 16 10 
Finland 9 7 0.5 Argentina 17 15 
Italy 4 3 1.9 Chile II 9 0.4 
Portugal 3 2 _ Philippines 10 10 0.2 
Yugoslavia 2 2 O.1 Ceylon 4 I 

Egypt 3 2 

+ Indonesia 2 2 

India 1 I 
European Non-European 
Average 24 20 1.8 Average 35 25 5.0 








Japan Air Lines’ hostesses trained for the Pacific services, 
with their instructress, Miss Alice Allwood of United Air 


Lines. 


@ Stratofortress Production speeded up 


Orders for the Boeing B-52A S*rasofortress giant 
eight-jet bomber at Boeing’s Seattle plant have been 
boosted to the plant’s peak capacity, Air Force Secretary 
Harold E. Talbott states. Establishment of a “second 
source” at Wichita will result in a 25 to 40% increase in 
the rate of delivery when the Seattle plant hits peak 
production. This, however, may make it necessary to 
curtail production of the Boeing B-47 Sfratoje¢ medium 
bomber. B-47 orders now being executed by Douglas 
Aircraft at Tulsa, Okla., and Lockheed Aircraft at 
Marietta, Ga., may have to be increased. 


@ More Jet Fuel than Gasoline 

Lieutenant General James H. Doolittle, Vice-President 
of the Shell Oil Co., has told the National Petroleum 
that the demand for jet fuel will 
exceed that for aviation gasoline in the United States 


Institute aircraft 


Hispano Suiza Verdon 





by the end of 1954. ‘This will occur despite the con 
tinuing increase in the demand for gasoline by scheduled 
airlines. He also believes that petroleum products will 
soon be insufficient to fill the need for jet engine lubri 
cants and asked for the rapid development of synthetic 


lubricants. 


@ Prince Bernhard joins Fokker’s Board 


Prince Bernhard of the Netherlands has been elected 
to the Board of Fokker Aircraft Company, with effect 
from January 1st, 1954. Another new member of the 
Board is to be Lieutenant-General I. A. Aler who retires 
as Commander-in-Chief of the Dutch Air Force on 
October 31st. It had been rumoured recently that 
General Aler is being groomed to succeed Dr. Plesman 


as President of K.L.M. Royal Dutch Airlines. 


AIRCRAFT AND ENGINES 


@ A total of 40 flights has been made by the SO 4050-01 
|autour since August 1st, 1953. In 20 of these the speed 
of sound has been exceeded. The second Vausour pro- 
totype, built as a single-seater, will probably have made 
its first flight when these lines appear in print. 


@ The Fouga CM.170-R Magister jet-powered fighter 
trainer has been ordered into production as a result of 
comparative trials with the Morane MS 755 Fileuret 
It is believed that the order 
Fouga will probably 


aircraft of the same class. 
placed is for 100 CM.170-R’s. 
grant large sub-contracts to Morane, SNCASE and 
possibly Latécoére. 


@ A production order has been placed for the Max 
Holste MH 1521 Broussard single-engined multi-purpose 
high-wing monoplane. Initially 24 aircraft are to be 
built. 

@ British European Airways is working on specifica 


tions for a sucessor to the Viscomt, The new project is 


Hispano Suiza has made improvements in structure and materials during its leenced pro 


duction of the Rolls-Royce Tay turbojet engine. These have led to considerable increases in performance : the Tay 
originally acquired by Hispano for use in the preparation of licenced production delivered a static thrust of 6,250 Ibs., 


the Verdon now delivers 7,720 lbs. 


to be a high-wing monoplane and will probably be 


fitted with propeller turbines with a total power of 
12,000 to 15,000 h.p. It may also be noted that B.E.A. 
plans to equip its twin-engined .dmbassadors with 3,000 
e.s.h.p. Napier /:/and propeller turbines at a later date. 
@ On September 3rd a prototype of the Pilatus P-3 
two-seat trainer, built by the Pilatus Aircraft works of 
The P-3, a 


private venture, is said to be suitable for the whole 


Stans, Switzerland, began flight testing. 


range of flying training, from elementary to the tran- 
sition to first-line types. A 260 h.p. Lycoming engine 
with Hartzell v.p. propellers is used. Military load 
comprises a training machine gun, two training rockets 
or training bombs. With a gross weight of approxi- 
mately 3,300 lbs., max. speed is roughly 217 m.p.h. 
The P-3 is fully aerobatic even with military load. 


@ The Lockheed \F-104 “de-retined”’ light supersonic 
interceptor fighter with thin straight wings is to begin 
flight testing in the spring of 1954. Although no pro- 
duction contract has yet been awarded for this aircraft, 


Lockheed is already preparing a certain reorganization 
of its production programme. 


Assembly of the ‘T-33 












The sixth and last high speed experimental aircraft of the 
Bell X-1 series bears the type designation X-IB and 
externally resembles the X-1A ; the power plant fitted 
is a Reaction Motors Inc. bi-propellant rocket engine, of 
6,000 Ibs. static thrust. The X-1B is shortly to begin 
flight testing. 


jet trainer and of the F-94C all-weather fighter is to 
be transferred from Burbank to Palmdale, Calif. The 
official reason given for tbe reorganization is that room 
must be made in Burbank for the projected production 
of a new aircraft type. 


@ The projected Fairchild M-194 assault transport 
(derived from the C-119G) is to be fitted with two 
3,500 h.p. Wright R-3350-85 compound engines and to 
be capable of carrying 64 paratroopers plus equipment. 


@ Development work on the Westinghouse J-40 turbojet 
has been stopped, as the development and production 
difficulties have still not been overcome despite almost 
two years’ constant work. 


@ Two new versions of the Rolls-Royce Avon axial 
compressor turbojet are announced : the Avon Ra.21 
with a thrust of 8,050 lbs., and the Avon Ra.22 with a 


rating of 7,150 lbs. thrust. 


Montreal 


Canadair's 
Canada. 


new hangar (170,000 sq.ft.) in 

















Book Reviews 





—— 





The Spirit of St. Louis, by Charles A. Lindbergh. 
Scribner, New York, and John Murray, London 


(English, 531 pages, price $5 or 21s). 


Colonel Charles A. Lindbergh, now aged 51, has 
followed his first book “We” and the later work, “Of 
Flight and Life,’ with a more mature and technically 
more advanced account, with new pictures, of his New 
York—Paris flight in 1927. ‘The new Lindbergh book 
was chosen Book of the Month for September 1953 in 
the United States.—In 1926 Lindbergh, then 24, was a 
mail pilot, with four years experience of air meetings 
and service flying behind him. One night, during a 
mail flight, he got the idea of flying from New York to 
Paris. In February 1927, the almost unknown Ryan 
Airlines, of San Diego (Wright Aeronautical Co.), 
offered him an aircraft, a braced high-wing monoplane 
with 223h.p. air-cooled Wright engine, Standard 
propeller etc. Lindbergh accepted, with the consent of 
his backers in St. Louis, and the aircraft was ready 
60 days later. The rest is known: moderate weather 
conditions, difficult take-off with the aircraft overloaded 
with fuel, fog over the Atlantic, icing and so on. 
Lindbergh flew over Southern England, the Channel 
and landed at Le Bourget, Paris, after 33 hours of 
flight—a national hero was born. Alone on board, with 
the most primitive of instruments, a young American 
mail flyer had pioneered an air route which today forms 
the backbone of all overseas air transport.—The author 
dedicates his work to his wife Anne, “Who will never 


’ 


realize how much of this book she has written.’ 


E..E.H. 


Stiirmisches Leben von T:rnst Heinkel, edited by Jiirgen 
Thorwald. Mundus-Verlag, Stuttgart (German, 561 


pages, price DM 19.80). 


The memoirs of German aircraft manufacturer Ernst 
Heinkel are here presented by a skilled writer. All who 
have ever met the 64-year-old Professor in person will 
recognize his voice. Ernst Heinkel was internationally 
known before the Hitler era. The development of the 
Luftwaffe made him into a major aircraft manufacturer, 
and the war found him owner of a considerable number 
of factories employing 50,000 persons. His aircraft set 
up world records, his fighter biplanes were the first 
aircraft in the new Luftwaffe, his bombers became 
standard equipment, and he produced the first jet 
fighter in Germany—perhaps even the first in the world. 
The independent Wiirttemberger did not always agree 
with the bosses of the Third Reich. The end of the 
war interrupted his career. ‘Today he is building engine 
and engine parts at Stuttgart-Zuffenhausen, but not yet 
for aircraft. However, he still considers himself young 
and is waiting, with the patience of maturity. A 
stormy life ?. The ups and downs of one charged with 
energy—almost possessed. He embodies not only the 
history of German aviation, but almost, and indirectly, 


all aviation history of the past 35 years. E.E.H. 


Webrtechnische Hefte, Review of defence developments, 
industry and economy ; soth year. No. 1, 1953. 
Published by Verlag E. S. Mittler & Sohn GmbH, 
Darmstadt. (Quarterly: six-month subscription 

DM 3.—; single copy DM 1.80). 
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A happy idea of the oldest German military pub- 
lishers to bring out again this military review, which 
stopped publication in 1944 after 49 years. If the 
standard of the first issue is maintained, the Wedr- 
technische Hefte promise to become one of the world’s 
leading military publications.—Particularly interesting 
contributions are the article by Lt.-General (retired) 
Dipl.-Ing. Wolfgang Vorwald on German air armaments 
during the years between the wars, and Dr. Hermann 
Alten’s “Problem of Air Resistance in Shells.” He. 


Etude du probleme de I’ Industrie aéronautique francaise, 
by Georges Héreil. Brochure issued by the Conseil 


Economique, Paris, 1953 (120 pages, French). 


When Georges Héreil, President of the Association 
of European Aircraft Manufacturers and Managing 
Director of Société Nationale de Constructions Aéro- 
nautiques du Sud-Est, writes an analysis of the French 
aircraft industry, we can count on a first-hand report. 

Written at the request of the Industrial Production 
Committee for the French Economic Council, the report 
goes straight to the point. It gives a concrete picture, 
by means of tables and graphs, of the industry’s present 
position and future prospects. It makes no attempt to 
side-step the central problem but asks frankly whether 
France can really afford an aircraft industry. This 
question is answered unreservedly in the affirmative, 
the writer calling—not surprisingly to those who know 
his principles—for coordination between the French 
and the rest of the European industry. Fre. 


Une Francaise, Maryse Bastié, by Vice-Admiral Aman- 
rich.—Editions Baudinitre, Paris, 1953 (269 pages, 
French). 


In the copy he sent to /nteravia the author has 
written : “Please don’t talk about me, but only about 
Maryse.” ‘This is typical of the enthusiasm felt by all 
Frenchmen for “their” aviatrix.—Nevertheless it would 
be unjust to pass over Vice-Admiral Amanrich, of the 
French Naval Air Service, in silence, since it is with 
the eyes of a pilot, full of respect for the things and 
people of flying, that he has judged Maryse Bastié’s 
life. The recital is a straight forward one, describing in 
simple words her hard youth and early struggles, well- 
earned successes and tragic end. Although Maryse 
Bastié has written her own autobiography, Aman- 
rich’s book is still indispensable. He. 


Wir plaudern uns durch das Wetter, by Heinz Panzram. 
With 77 drawings by H. and B. von Roemer. 
K. Thienemanns Verlag, Stuttgart 1953 (66 pages, 
German, DM 4.90). 


This attractively written and clearly illustrated chat 
on weather and “weather makers”’ is addressed prima- 
rily to young readers. But even more advanced ones 
might well be a little astonished to receive a telegram 
reading : 738 - 11-6- 23-15 -81-21-4-114-13-4- 
5-5-4-1-6-0-6-03. The answer to the “riddle” 
is of course merely the international weather code. In 
any case there can be no harm in listening to this 
friendly talk about the weather by an experienced 
aviation meteorologist. He. 
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Le Monde de |’ Aviateur, by Wolfgang Langewiesche 
(French translation—from English original—by Alain 
Frangois).—Amiot Dunant, Paris, 1953 (242 pages). 


To be a pilot is a dream of youth. But few of the 
latter realize what the pilot’s world of today is like. 
The age of the daring pioneer has gone, and today’s 
pilot must have not only solid flying skill but also 
considerable technical knowledge as well. The author 
succeeds in giving even the layman a convincing picture 
of the aviation world. In addition to the basic principles 
of flying, he touches on questions, such as instrument 
flying, sonic speeds and so on, that have today become 
almost common property. The book not only gives 
valuable explanations on modern flying for the outsider, 
but also serves to remind the pilot of much that may 
have become pushed into the background by more 
specialized knowledge. Ba. 


Introduction to Aeronautical Dynamics, by Manfred 
Rauscher (Professor at the Federal Institute of 
Technology, Zurich ; formerly at the Massachusetts 
Institute of Technology).—John Wiley & Sons, Inc., 
New York, and Chapman & Hall Ltd., London 
(Price $12, 664 pages, English). 


This book, written in Zurich, is addressed primarily 
to the engineering student. Starting from the basis of 
general mechanics, the author advances step-by-step to 
more complex problems and thus enables his readers 
to work gradually into the subject. It is stressed from 
the beginning that the principal object is to show 
students the practical applications of the theory dis- 
cussed; bare formulae are useless if they cannot be 
interpreted properly and applied in practice. Every 
chapter therefore contains a series of practical examples 
(with their solutions), with main attention naturally 
being given to examples from aeronautical engineering. 
Considerable space is given to discussion of the wing 
theory, with special reference to the Jukowsky, Mises 
and Karman-Trefft airfoil groups.—The final chapters 
deal with the theory of the kinematics and dynamics of 
rigid bodies, and with the oscillations of systems with 
one or more degrees of freedom. Ba. 


Books received 
Ultra High Frequency Propagotian, by Henri R. Reed 
and Carl M. Russel. John Wiley & Sons, Inc., New 
York, and Chapman & Hall, Limited, London. 
Publications scientifiques et techniques du Ministére de I’ Air, 
distributed by Service de documentation et d’informa- 
tion techniques de |’Aéronautique, Paris : 
No. 280. Nouveaux Compléments d’Hydraulique, by L. 


Escande. 

No. 281. Actes du Colloque international des Vibrations 
non linéaires. 

No. 282. Reégularité et Séries divergentes, by Pierre 


Vernotte. 





“Interim Report on an Experiment’”’ 
Correction 

We regret that a slip was made in the above article 
by Gérard Pilé, Paris, which appeared in No. 9, 1953. 
In the two graphs on page 525 (“Passenget volume 
on Atlantic air and ship services”’) ‘“Tousand passenger- 
miles” should read ““Thousand passengers.” 
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by Dr. Ing. G 


Whereas in the testing of aircraft the 
engineer can rely on the test pilot’s observa- 
tions and in the examination of conventional 
shells, photographs of the trajectory taken 
by ballistic cameras suffice, the analysis of 
the qualities of guided missiles necessitates 
more complicated equipment. Some of this 
is carried in the missile itself, the rest is 
installed on the ground. 

The instruments in the missile either 
record certain information on behaviour in 
flight or transmit it by radio to the ground ; 
the ground instruments usually provide the 
following information : 

Trajectory ; 

Attitude (angle of attack, angle of roll, 
ve.) 5 

Special information : engine ignition phase; 
booster separation ; combustion burn-out ; 
impact phase ; detonation of warhead. 

Up to the present, the trajectory has been 
followed primarily by means of Askania 
theodolites ; attitude information has been 
obtained from photographs taken by Mitchell 
cameras, and other phases of testing have 
been photographed by ultra-rapid cameras 
(Fairchild, Kodak, etc.). 


Contraves AG., Zurich—which is 
laborating with Oerlikon Machine 
Biihrle & Co. in the development of a remote 
controlled liquid propellant —rocket-——has 
brought out a tracking system based on its 
experience in the testing of these missiles, 
which is particularly well suited for the 


col- 


Tools, 


above-mentioned tasks. In designing the 
system, special attention was given to 


flexibility and simplicity of operation and 
maximum precision and reliability. 


The Problems 


The following is a brief outline of the 
problems arising in the design of a system 
for tracking objects in flight. A suitable 
method of arranging the equipment for 
rocket tests is shown in fig. 2: for longer 
trajectories correspondingly more theodolites 
must be used, to ensure a sufficient degree of 
accuracy throughout the operation. 


Following the Trajectory: The position of 
the object at any given moment is obtained 
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The Electronic-Optical Tracking System 


. Weber, Zurich 


by three-dimensional double projection. Vor 
this purpose the elevation and bearing at 
which the target is seen from the ends of an 
accurately measured base line, are measured 
and recorded by at least two theodolites 
simultaneously. So that the data obtained 
can be correlated in time with other informa- 
tion, e.g. telemetered information, every 
measuring point must also be clearly identi- 
fied in the absolute time-scale of the operation. 

This means that there is a double task in 
measuring the angle. The theodolite must 
measure angles statically with a high degree 
of accuracy, i.e. with the apparatus at rest, 
and it must also retain this accuracy dynamic- 
ally, i.e. in a state of motion, and record the 
angle values with a very high degree of 
time-accuracy. It must be possible to detect 
and follow even small targets under favour- 
able atmospheric conditions at distances of 
up to 20 miles (30 km). The accuracy of 
angle measurements by a _ theodolite over 
very great distances can in general be taken 
as equal to the static accuracy. 

If the base line, i.e. the distance between 
two theodolites (cf. fig. 2) is assumed to be 
5 miles (8 km), the static accuracy required 
for a maximum absolute measuring error of 
16 ft (5 m) is 7 4009, 
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Fig. 2: Tracking a rocket by means of three theodolites 
(A, B, and C). Launcher and master station at point |. 
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Fig. 1: Electronic-optical photo theodolite 
built by Contraves AG., Zurich 


lor smaller distances the dynamic error 
plays an important part, for two reasons : 
the acceleration forces arising during tracking 
of a target increase with decreasing distance 
(with unchanged flying behaviour of the 
target) ; the errors arising from inaccurate 
(not simultaneous) recording of angular 
values become of greater importance because 
of the high angular velocities. 

As the geometric configuration selected 

with a short distance between the target 
and one of the theodolites—must often be 
unfavourable, so as to ensure measuring 
accuracy, the error in angular measurements 
should not be much than 1 200°. 
In this case the absolute measuring error can 
be kept below three feet (1m). If the static 
accuracy is again assumed to be 1 400°, none 
of the dynamic components should introduce 
an error of more than 1 400°, With target 
speeds of 3,280 ft sec (1000 msec) and a 
minimum distance between theodolite and 
target of 3,280 ft (1000 m), the time error in 
recording should not exceed 0.00005 sec, so 
as to keep the angle error below 1 400°, 


greater 


The theodolite must be built with so high 
a mechanical stability that its measuring 
axis is not deformed by more than 1/4009, 
even at very high angular accelerations. 

fo sum up, it may be said that a measuring 
theodolite which is to meet modern technical 
requirements must have a static accuracy of 
at least 1 300° and a dynamic accuracy of 
at least 1 200°, 


Attitude Information The photo theo- 
dolite’s camera and optical system must be 
so designed that the film permits of good 
interpretation of attitude data. If we again 
assume a maximum distance of 20 miles, the 
tele-lens should be able to resolve objects of 
20 ins (50 cm) in size at this distance. This 
requires a focal length of at least 1.5 to 2 m, 
for Super XX film and high contrast. As 
35-mm normal film should be used whenever 
possible, the lens’s field of view will be 

8 2%'5o9 to 6 °/o0. This small field of 
view very good control 
mechanism for the theodolite, so that the 
target can always be kept in the field of 
view of the lens even if it makes sudden 
manceuvres. 


necessitates a 


For the purposes of attitude information 
a frame frequency of 4 to 15 pictures per 
second suffices, and for certain special 
information, e.g. combustion cut-off and 
impact phase, a frequency of approx. 50 pic- 
tures per second. The use of special cameras 
with extremely high speed of exposure is 
therefore not necessary, though for recording 
certain details of the launching phase (e.g. 
booster separation) and for observation of 
the splinter configuration after detonation 
of the warhead such cameras are desirable. 

Another problem encountered is that of 
the dimensions of the lens aperture. The 
impact phase in particular, and even the 
ascertaining of accurate attitude information, 
may require exposure times of less than 
1/500 second. If adequate exposure of the 
film under these conditions is to be ensured, 
the aperture must be at least f/11. Even 
then, photographs must be taken only in 
good weather conditions. 


Handling Characteristics ; Despite the high 
accuracies required, the theodolite must be 
simple to transport, so as to give it flexibility 
of utilization on the proving ground. Syn- 
chronization of the theodolite camera and 
adjustment of frame frequency must be 
controlled from a central location. 

The theodolite must be capable of opera- 
tion by two men and so designed that it 
can be controlled not only by the operators 
(with the aid of telescopic sights) but also 
by a radar or computer. The latter is 
required in tests over very great distances 
for target acquisition. By using a larger 
number of theodolites along the flight path 
satisfactory measuring results throughout the 
trajectory can be obtained. 


Contraves E.0.T.S. Photo Theodolite 


The electronic-optical photo theodolite 
designed by Contraves AG. (fig. 1) meets 
the above-mentioned requirements. A com- 
plete Electronic Optical Tracking System 
consists in essentials of a master station and 
two or more theodolite stations. 


The Master Station 


The master station (figs. 3 and 4) serves 
for synchronizing and controlling the whole 
system and can easily be operated by one 
man. This station produces the pulses used 
for synchronizing observations and deter- 
mining the frame frequency of the theodolite 
cameras. Any two frequencies between 4 and 
40 pictures per second can be selected for 
each installation and set by means of a 
switch. The accuracy of these synchronizing 
signals is ensured by a quartz oscillator. It 
is 5 parts in a million. The absolute time- 
scale is therefore sufficiently accurate to 
keep the absolute time error below one- 
thousandth of a second for a test lasting 
three minutes. 

Measuring operations are started by turn- 
ing a switch. This triggers the cameras and 
the time-integrating mechanisms in the theo- 
dolite stations. Exactly three seconds later 
a pulse is transmitted which serves for the 
correlation of time between tracking system 
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Fig. 3: Block diagram of an E.O.T.S. master station. 


and test. This pulse can, for example, be 
used to launch a rocket. The delay of three 
seconds enables the system to warm up and 
be accurately synchronized, even under bad 
weather conditions, particularly at low tem- 
peratures. 

The synchronizing pulses—together with 
a speech channel—are modulated on to a 
VHF FM ttransmitter and radioed to the 
theodolite station. The master station also 
contains a radio receiver for each theodolite 
station. Radio communications work in 
duplex, so that it is not necessary to interrupt 
transmission of the pulses while messages 
are coming through from the theodolite 
stations to the master station. 

Fig. 4 shows a master station in operating 
condition, but without its two aerials. It 
consists of two boxes, the upper one con- 
taining microphone and loudspeaker for 
speech communication, the pulse generator 
and the two-channel multiplex equipment 
for the transmission of pulses and speech. 
Pulse generator and multiplex equipment 


Fig. 4: E.0.T.S. 
master station in 
operating condition, 
without aerials. 





also have control boards for the operation of 
the system. The lower box contains the 
transmitter and receiver for radio communi- 
cations. All equipment is fitted on rubber 
shock absorbers so that it can be transported 
over rough ground without harm. 


The Theodolite Station 


The theodolite station comprises theodo- 
lite, communication unit, distributor unit 
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and power converter (fig. 5). The signals 
emitted by the master station arrive first 
in the communication unit (fig. 6), where 
the pulses are separated from speech by an 
electric filter system. The influence of inter- 
ference (e.g. from automobile ignition sys- 
tems) is reduced by decoding circuits, so 
that the E.O.T.S. can be used in flat country 
over distances of up to 25 miles (40 km). 
(For greater distances booster stations are 








Fig. 5: Diagram of an E.O.T.S. theodolite station. 
1. Transformer 3. Theodolite 
2. Communication unit 4. Aerial 





Fig. 6: View of the communication unit of an E.O.T.S. 
theodolite station. 


required.) Pulses and speech pass from the 
communication unit by cable via the distri- 
butor unit to the theodolite. 


* 


The theodolite (see fig. 1) consists in essen- 
tials of three parts : optical unit, control unit 
and stand. 

The optical unit of the theodolite (fig. 7) 
was made in collaboration with the firm of 
Kern & Cie AG., of Aarau. It is shown in 
a cut-away drawing in fig. 8. Housing (1) 
contains tele-lens (2). In spite of the very 
long focal length of 1.5 m and an aperture 
of f/8, this mirror reflex objective takes up 
little space, thanks to Kern’s intensive work 
on folding lenses. Meticulous manufacture, 
based on lengthy experience, has enabled 
the resolving power of this optical system 
to be kept near the theoretical optimum of 
100 lines/mm throughout the useful photo 
range. Even with contrast conditions of 0.2 
and use of Super XX film, more than 20 
lines/mm can be resolved. The system’s 
resolving power is therefore determined basi- 
cally by the film used and not by the lens. 
As may be seen from fig. 8, light rays pass 
through the main lens system on to a plane 
mirror, thence on to a concave mirror and 
finally through a hole in the plane mirror 
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Fig. 7: The optical unit of the theodolite has a tele-lens 
(centre) and a laying telescope on each side. Below the 
latter the hand wheels of the travel-and-speed controls. 


back into the camera (21). The camera used 
is a modified Bell & Howell with a special 
drive developed by Contraves. The dia- 
phragm is exchangeable, so that the exposure 
time can be adapted to the given problem. 
A magazine of 120 m of normal film, easily 
removable from outside, contains enough 
film for two minutes of operation with a 
frame frequency of 40 pictures/sec. 

The lens has a glass wedge for range- 
setting, filters for adjusting lighting condi- 
tions and an iris diaphragm to vary the 
aperture. 

The tracking telescopes for elevation (left) 
and bearing (right) are arranged one on 
either side of the housing. They have a 
change-over prism with which a 2 : 1 magni- 
fication can be set for searching for the 
target or a 12.4: 1 magnification for tracking 
the target. As the tracking telescopes are 
of the elbow type, the two operators look 
into the apparatus from the side, so that they 
do not need to move their heads while follow- 





ing the target. The measurement for which 
he is responsible and the field of view of the 
main objective in his telescope are clearly 
marked for each operator. Readings of bear- 
ing (18) and elevation (19) are made by 
means of so-called double-circles (fig. 9). 
This system has the advantage of eliminating 
the effect of eccentricities and thus ensuring 
very high instrument accuracies. The posi- 
tion of each circle is recorded photographi- 
cally. Each of the synchronizing pulses 
received from the master station operates a 
flash light (13), the rays from which pass 
through prisms on to the double-circles. The 
figures indicating the setting of the double- 
circles are fed via an optical projection sys- 
tem and a complicated system of deflecting 
prisms into the camera (21). The theodo- 
lite’s optical unit also contains a frame 
counter (20), developed by Contraves, which 
counts up to 50 electric pulses per second. 
Each of the pulses arriving from the master 
station moves the counter on by one figure, 
which produces a so-called integrated time 
system. The counter’s scale is illuminated 
by flashlight and also reproduced on the 
film. The picture on the film is therefore 
composed of cross-hairs, the reproduction 





Fig. 9: Diagram of the double-circle system to indicate 
bearing and elevation angles. 


of the target, the figure values of the hori- 
zontal and vertical circle and the frame- 
counter reading. Fig. 10 shows one of these 
pictures, in which the aircraft was photo- 
graphed from a distance of 4.3 miles (7 km). 


Fig. 8: Section through the optical unit of the theodolite (explanation in text). 
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The double-circles and the frame counter can 
be read from outside by means of micro- 
scopes, with an auxiliary light source serving 
for illumination. 


Of considerable value in obtaining good 
results and helping towards simple operation 
of the theodolite is a sight which enables the 
target area to be observed through the main 
objective by rotating a prism and thus makes 
lining up of the theodolite independent of 
the tracking telescope’s collimation with the 
tele-lens. 








Fig. 10: Photograph of an aircraft from a distance of 
4.3 miles; below it the bearing angle (left), elevation 
angle (centre) and frame number (right) photographed 
at the same time. 


The theodolite’s optical unit is mounted 
by means of a high precision ball-bearing 
(11) on a column passing through the control 
unit. The bearing consists of two plane sur- 
faces ground with optical precision, which 
are separated by the balls. This ensures that 
the theodolite rotates accurately in a hori- 
zontal plane. A simple sleeve bearing (12) 
is used for centering, and there is a locking 
device to relieve load on the high-precision 
bearing during transport of the theodolite. 
The control unit operates the azimuth drive 
of the optical unit via a simple lever, which 
transmits tangential forces only, and the 
elevation drive of the telescopes via a special 
cross flange coupling. 


The control unit of the theodolite (fig. 11) 
contains all the electrical parts required for 
synchronizing the photographs and correct 
guidance of the theodolite on to the target. 
Fig. 12 shows a block diagram of these 
elements. Flashlight operation 
is so arranged that, regardless of the rate at 
which pulses arrive, the intensity of the gas 
discharge in the flashlamp always remains 
the same, to ensure even illumination of the 
scales. The frame counter is moved one 
figure further on as each pulse arrives. 


-Finally the camera motor drive is so designed 


that the shutter is always open at the mo- 
ment the pulse arrives from the master 
station. 

Successful use of the E.O.T.S. theodolite 
is due in large part to the Contraves velocity- 
aided tracking control used for aiming the 
theodolite. This type of control is based on 
long years of experience. By turning his 
hand wheel, the operator varies the angular 
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Fig. 11: The control unit of the theodolite contains the 
electrical elements for synchronizing and laying. 


velocity of the theodolite, the speed at which 
the hand wheel is turned producing an 
additional movement of the  theodolite. 
In principle, such controls can be purely 
mechanical or electro-mechanical. The lat- 
ter solution, however, enables considerably 
improved laying qualities to be obtained by 
the introduction of non-linear elements. 
The E.O.T.S. theodolite contains such an 
electro-mechanical servo system for bearing 
and elevation, permitting the operators 
to point the theodolite to the target in the 
dimension in question by turning the hand 
wheel. Because of the control’s high accelera- 
tion capacity of over 100°/sec?, tracking of 
even complicated flight paths is_ simple. 
The electronic control also has a number 
of other advantages. For example, it permits 
of the introduction of a_ pre-determined 
function. This is particularly important in 
flights with very high initial accelerations, 
if accurate results are to be obtained. The 
method enables the probable speed of flight 
to be expressed as a function of time and to 
be transmitted to the theodolite in the form 
of an electric signal, so that the theodolite 
can be aimed without the operators’ having 
to do more than make minor corrections. 
By fitting selsyn systems, it is also possible 
to direct the theodolite on to the target by a 
signal introduced from outside, for example 
from a radar or computer. As soon as the 
operators have detected the target in the 
telescopes, they can take over laying opera- 
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Fig. 12: Block diagram of Contraves’ electronic-optical 
photo theodolite. 


662 


tions themselves simply by switching over 
a lever. In the opposite direction, the same 
theodolite—with a second one—can transmit 
the laying angle to the target back to a 
Contraves computer by means of its selsyn 
system; the computer then automatically 
computes advance laying values for one or 
more other theodolites. 

The control unit also contains the motors 
responding to the above-mentioned tracking 
controls, as well as the reduction gears from 
the motors to the driving pinions. The 
control unit is mounted separately from the 
optical unit, so as not to impair the accuracy 
of the latter. 


Extreme care has been given to the design 
of the stand, so as to meet the very high 
stability requirements without excessive 





Fig. 13: Protective cover for the theodolite. 


weight. The stand consists of two concentric 
columns. The inner column carries the 
levelling table and the theodolite itself, 
while the outer one carries the seats for the 
two operators. The inner column thus does 
not have to bear the varying weight of the 
operators and is protected from the deform- 
ing effects of sun radiation. The seats are 
adjusted by the control unit via a simple 
coupling. 

The head of the stand contains a three- 
point level which permits of levelling to 
within 1/3000° by means of a coarse-fine 
system. It also contains a lock to fix the 
theodolite firmly to the stand. 


* 


Measurements have shown that the stand 
is sufficiently rigid to keep the share of 
elastic deformation in the dynamic error, 
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with maximum acceleration, below 1/300°. 
The static error introduced by the unba- 
lanced load when only one operator is carried 
could be kept below 1/1000°. 

To ensure adequate stability, the whole 
theodolite must be mounted on a concrete 
platform, whose size and depth depend on the 
nature of the ground. The platform contains 
a ring to which a protective cover (fig. 13) 
can be attached, so that the theodolite can 
be left outside without danger even in bad 
weather (sand, snow, wind, etc.). 


Technical Specifications 


The E.O.T.S. theodolite has been developed 
after detailed study of the demands made on 
a photo theodolite. It is particularly suited 
for the investigation of the qualities of flying 
objects, such as aircraft, guided missiles, 
bombs, heavy artillery shells etc. The 
following is a brief outline of its technical 
specifications : 


MASTER STATION AND TRANSMITTER-RECEIVER 
UNIT : 


Stability of pulse generator 5 x10-* 

Pulse rise time 20 # sec 

VHF transmission frequencies 70 to 88 mc/s 
or 30 to 42 mc/s 

Weight 200 kg 

THEODOLITE STATION 

Scope : 

Distance 1,000 to 30,000 m 

Elevation —10° to +100° 


Collimation setting +170° to +190° 
Telescopes : 


Magnification 
Field of view 
Parallax error 


12.4 and 2 times 
5%° and 25 %° 
1/600° for distances 
of over 3,000 m 


Tele-lens : 

Focal length 1,500 mm 
Aperture 190 mm 
Relative aperture 1:8 
Camera : 

Film size 35 mm 


120 m magazine 


Film capacity 
4 to 40 frames/sec 


Frame frequency 


Instrument accuracy : 


Reading accuracy 1/500° 
Static accuracy 1/300° 
Dynamic accuracy 1/180° 


Laying speeds : 


Maximum > 30°/sec 
Minimum < 1/50°/sec 
Laying acceleration, maximum > 100°/sec* 
Weights : 

Optical unit 200 kg 
Control unit 340 kg 
Stand 200 kg 
Communication unit 110 kg 
Power converter 80 kg 
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Fig. 1. The Véronique experimental rocket built by Labora- 
toires de Recherches Balistiques Aéronautiques, Vernon, 
France, on its launching platform with guiding cables. 


It is well known that the trajectory of a 
projectile is determined by its initial speed 
and by the accelerations which act on it 
during flight. In the case of a self-propelled 
missile, these accelerations are due to its 
own weight, to aerodynamic forces and to 
its propulsive thrust. The magnitude and 
direction of the missile’s weight are given, 
since the direction of the propulsive thrust 
and the direction and magnitude of the aero- 
dynamic forces are determined by the direc- 
tion of the missile’s axis. These factors are 
used to stabilize the missile or guide it accord- 
ing to a pre-determined plan. As a rule, 
the missile’s axis is set in the desired direc- 
tion either by means of a fixed tail unit 
(stabilizers) or by means of aerodynamic 
controls. 

Stabilizers and aerodynamic controls re- 
quire a dynamic pressure of a certain magni- 
tude. As this pressure is absent at the begin- 
ning of the trajectory of a missile starting 
from zero speed, some form of auxiliary 
guidance is needed until the missile gains 
sufficient speed for the aerodynamic controls 
or stabilizers to operate. This problem can 
be solved in a number of ways: long, fixed 
ramps, which may be horizontal, inclined 
or vertical, can be used; the missile may 
be fitted with auxiliary power units and 
launched from shorter ramps, fixed or 
mobile ; or it may have controllable power 
units or gas jet vanes. 

All these solutions are possible, but do 
not give satisfactory results in every case. 

Controllable power units and gas jet vanes 
are complicated, sensitive parts in the mis- 
sile. Very long ramps take up a great deal 
of space and, once constructed, are practic- 
ally immobile. By using a booster power 
unit, the length of the ramp can be reduced, 
a solution which makes the ramp more 
mobile though still unwieldy, and necessitates 
a complicated arrangement for the second 


power unit. 
* 


The guiding method described below elimin- 
ates these inconveniences. 


Guidance is provided not by fixed rails 
but by means of thin cables. At least three 
taut cables are fixed at one end to three 
points in the missile and at the other to 
three points on the ground (fig. 2). The 
length of each of the cables, for any given 
altitude, is a function of the length of the 
other cables. In this way, the direction of 
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Launching System 


for Self-Propelled Missiles 


BY WOLFGANG PILZ, TECHNICAL SERVICE, FRENCH ARMY 


The launching arrangement described in this article provides a means of ensuring stabilization 
and guidance of self-propelled missiles during the first seconds of flight, when the speed of the 
missile and its dynamic pressure are not sufficient to ensure aerodynamic stabilization. 




















Fig. 2. Diagram of a launching system with three cables 


the missile’s axis and hence the direction of 
the propulsive thrust are fixed for each alti- 
tude of the guided trajectory. The lengths 
of the various cables are coordinated by the 
fact that all the cables unwind from the same 
drum or from several drums rotating in 
concert. The fixing points on the ground 
consist of return pulleys, and the fixing 
points on the missile are jettisoned as soon 
as guidance by means of the cables is ter- 
minated. 

This arrangement will only work correctly 
if all the cables remain taut during the 
whole guidance period. The simplest way 
of ensuring this is to select the drum’s 


moment of inertia in such a way that it will 
maintain tension on the cables, the move- 
ment of the drum being accelerated under 
the influence of the cables during the launch- 
ing of the missile. The stabilizing moment 
produced by the cable tensions must be 
greater than the instability moments. As 
the fixing points on the ground match the 
fixing points on the missile, deviation for the 
desired trajectory, for example under the 
influence of a cross wind, is slight. 

This method of launching by means of 
cables was tried out for the first time with 
the French Véronique measuring rocket (the 
arrangement was proposed and designed by 
the author). 

The system (fig. 3) is as follows : 

A single drum with vertical axis is mounted 
underneath the launching platform. The 
drum is protected by a jet deflector from 
the gases emitted by the missile and con- 
sists of four cylindrical parts of equal dia- 
meter for vertical launching. The four guid- 
ance cables are unwound from these four 
cylindrical drum parts, guided by return 
pulleys at the extremities of the guidance 
cross on the ground and attached to the 
guidance cross on the missile. The latter is 
fixed at the extremity of the tail unit by 
explosive bolts. 

The deflector divides the gas jet into two 
parts in such a way that each exhausts 
between two pulleys without touching the 
guidance cables. The length of time for 






Fig. 3. The Véronique’s launch- 
ing platform, with jet deflectors 
protecting the drum. The drum 
consists of four cylindrical parts 
corresponding to the arms of 
the guidance cross, on a com- 
mon vertical axis, 
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Fig. 4. The ye tower at 
Holloman Air Force Base, Ala- 
mogordo, New Mexico, for the 
NATIV experimental rocket 
(North American Test Instru- 
ment Vehicle) is about 150 ft. 
tall. It can be inclined by seve- 
ral degrees. 
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which guidance is continued depends on the 
speed the missile must have attained at the 
end of the guidance period. The explosive 
bolts used to jettison the missile’s guidance 
cross are controlled by clockwork. 

The length of the arms of the guidance 
cross was so selected that for a given stabili- 
zation moment the lever arm suffices to keep 
the cable tensions low on the one hand, and 
that the equipment should not become too 
bulky on the other. 

To ensure that the missile leaves the 
vertical at the desired angle at the end of 
the guidance period, two of the four parts 
of the drum are profiled so that the two 
inner cables are shorter at the end of the 
guidance than the two others. 

Such a launching arrangement would seem 
to be suitable especially for high performance 
rockets with vertical take-off, i.e., rockets 
which reach high altitudes. Allowing for the 
effect of drag and weight, these missiles start 
off with an optimum acceleration two or 
three times higher than gravity. 

With this acceleration and to obtain the 
speed of 50 to 80 m/sec necessary to stabilize 
the missile at the end of the guided trajectory, 
the missile must be guided for 60 to 100 
metres, a distance which can easily be 
obtained with cable guidance. The process 
for fixing the degree and direction of inclina- 
tion in advance, such as was tried out with 
the Véronique, can be modified to enable 
these values to be regulated at the last 
moment before launching. 


* 


The following examples of how this launch- 
ing method can be used will illustrate its 
value. 


Experimental and measuring rockets for the 
upper atmosphere : 
A comparison of the launching ramp for the 
NATIV missile (fig. 4) and the launching 
arrangements for the Véronique shows the 








Fig. 5. The Véronique taking off (bottom) ; at the end of 
the guidance period the cross on the missile is jettisoned 
by means of explosive bolts controlled by clockwork (top). 


The Piloted Delta-Wing Interceptor 


One of its major design problems 


BY ALAIN BURET, CHIEF ENGINEER, SOCIETE NATIONALE 
DE CONSTRUCTIONS AERONAUTIQUES DU NORD 


Certificated engineer of the Ecole Nationale Supérieure de |’Aéronautique ; engineer 
with Hydravions C.A.M.S., which later became Potez-CAMS and then S.N.C.A.N., worked 
under Maurice Hurel before the war on the Potez-CAMS 141 four-engined and 161 six-engined 


advantage of the latter where mobility, choice 
of launching direction, bulk and structural 
strength are concerned. 


Anti-aircraft rockets : 

The majority of the missiles of this kind 
use a short ramp with auxiliary rocket for 
launching. A cable-launching arrangement 
would render the auxiliary rocket unneces- 
sary (saving of 30% to 40% in cost of pro- 
pulsion), enable total launching weight of 
the missile to be reduced, increase mobility 
of ground installations and facilitate camou- 
flage. By proper selection of the power unit’s 
thrust, the missile can be made to attain 
its maximum speed only in the thinner layers 
of the atmosphere, thus reducing the effect 
of drag. 


Fighters of the Natter category : 
As the pilot cannot stand high accelerations, 
the length of the ramp can only be reduced 
to a limited extent. The use of a cable 
launching system is therefore of the utmost 
value, with all the advantages listed for anti- 
aircraft rockets. 


Ground-to-ground rockets : 

To increase accuracy of aim, a missile of 
this kind must be guided by means of aero- 
dynamic control surfaces which continue to 
function after the end of propulsion. A 
system of guidance by means of gas jet vanes 
or controllable ejector will therefore generally 
be used for launching. These costly and 
delicate devices can be eliminated by using 
a cable launching system, and the value of 
the system will increase with the dimensions 
of the missile. 


Flight testing of power units for guided 
missiles before final adjustment of guidance 
system : 
A guidance system can only be tried out if 
the power unit functions correctly. The cable 
launching system enables the power unit to 
be tested in advance by simple methods. 





flying boats. Since the war has been Chief Engineer with S.N.C.A.N. and responsible, under 
Technical Director Coroller, for the Nord 1400 Noroit twin-engined amphibian, a Navy order 
for which is now being completed, and the Nord 2200 single-jet carrier-based fighter. 


Ground-to-air missile, robot aircraft or piloted interceptor ? 


Close defence of vulnerable points against atomic attacks within 
relatively short range of the front line requires interception equipment 


with exceptional performance in the way of target detection, climb, interceptor ? 
The following considerations would appear to argue in favour of the 


speed, accuracy of aim and destructive power. 
Will this equipment definitely become, in a more or less distant 
future, a guided ground-to-air missile or robot aircraft, of the Bowmark 
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class, carrying rockets or missiles and controlled electronically 
instead of by a human pilot ? Or will there still be call for a piloted 


latter : firstly, the high cost of the ground-to-air interceptor missile, 
an expendable device with multi-stage power plant ; secondly, the 


VOLUME VIII — N® 11, 1953 








= 0Oo WM © AW = «4 we 


VOl 














Aircraft B 
Elevator unit at nose 


Aircraft A 
Trailing edge flaps 


SS 








Fig. 1: Delta-wing interceptors for the same flying performance but with different 
methods of balancing longitudinal moments. 


need for improvement in the detection radar and control equipment 
required by the missile ; thirdly, doubts on its accuracy when exposed 
to enemy jamming. The light piloted interceptor could be small in size 
and cheap to produce, be controlled from the ground, could carry 
air-to-air missiles, be recoverable, and be capable of operating from 
all types of airfield and hence of forming mobile concentrations. 

Whether this piloted interceptor is merely a transition machine 
between the conventional fighter now in production and the robot 
aircraft of the future, or whether it is destined to exist for some 
considerable time alongside the ground-to-air missiles for certain 
complementary defensive missions, it is undeniable that this type 
of interception instrument is essential for the immediate future. 


Comparative requirements of the piloted interceptor 
and the guided missile 


At first glance it would not seem exaggerated to say that the 
piloted interceptor must combine the qualities of the guided missile 
and of the normal aircraft. Although it is not affected by a great 
many of the problems of guidance and remote control attached to the 
guided missile, it is still subject to some of the same requirements 
as the latter, such as climbing performance, transonic and supersonic 
speeds, and the necessity for a detection and guidance system on the 
ground. Moreover, the piloted interceptor must have special qualities 
not required in the guided missile : 


— low-speed qualities for safe landings, essential to enable it to be 
recovered and used again ; 


— manceuvrability at both low and high speeds, to make it more 
flexible in use than a guided missile ; 


— allowance for the acceleration limits of the human body, since 
it is manned. 


Aerodynamic configuration : piloted delta-wing interceptor 


The basic requirement is to produce a machine with the minimum 
dimensions, weight and cost. 

The first problem is that of drag, which must be kept within such 
limits that the aircraft can be used at transonic speeds and in the 
lower range of supersonic speeds. The delta-wing configuration 
answers these requirements better than other designs and appears 
to be generally accepted. The piloted interceptor examined in this 


article is therefore a delta-wing aircraft. 
The problem of drag having thus been solved in principle, the 


piloted interceptor must also have flying qualities of a high level 
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Figs. 2 and 3: “Pure” delta-wing aircraft (aircraft A; leit) with trailing edge flaps over 
15 % of wing chord, and “ canard" delta-wing aircraft (aircraft B ; right) both with different 
elevator deflections. The broken curve (right) applies to aircraft B without elevator unit. 


throughout the speed ranges and altitudes envisaged, from take-off 
up to maximum speed. It is this last group of conditions, which apply 
specifically to the piloted interceptor and in which it differs from the 
guided missile, that is the basis of one of the major problems in the 
design of the delta-wing interceptor. 


Longitudinal and manceuvrability stability : major problems 
of the delta-wing interceptor 


The value of fitting a horizontal tailplane to a delta-wing aircraft 
is the subject of controversy. Certain partisans of the delta wing in 
Britain, who consider that the problem is a different one from that 
of the bomber, argue that a tail unit is needed in an interceptor to 
give it good manceuvrability and accurate control. In the United 
States delta wing advocates condemn the horizontal tail unit because 
of its weight, the difficulties connected with locating it and the 
problems of flutter which it introduces. 

The problem of longitudinal stability in a delta-wing interceptor 
with sharp sweep-back and low aspect ratio needs careful examination, 
since the solution adopted has a marked effect on the dimensions of 
the aircraft, its weight and its cost. 

Three of the various possible methods of ensuring longitudinal 
stability throughout the range of speed and altitude are considered 
here. They are: 


Balancing by means of wing trailing edge flaps: Pure delta 
aircraft without horizontal tail unit ; 
Balancing by means oj all-flying horizontal tail plane at the rear ; 


- Balancing by all-flying elevator unit in the front, so-called 
“canard ” configuration. 
(To be concluded.) 
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ACCENT ON ACCURACY 


During every stage of repair and inspection of aircraft com- 
ponents, engines, accessories and instruments, highest ac- 
curacy is maintained as a standard practice in KLM’s Technic- 
al Division. For that reason the instrument shop (see picture) 
where every type of precision-made flight instrument is 
examined, is scrupulously clean, air-conditioned, humidity 
controlled and dustproof. 

Tests are automatically controlled by recording instruments 
and diagrams supplied with each overhaul,and many an item 
of the high-speed equipment operates with the extra benefit 
of being improved by KLM’s own engineers. 


For a thorough, C.A.A. approved job, contact 


KLM’s TECHNICAL DIVISION 
SCHIPHOL AIRPORT 


Amsterdam — Holland 
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ABOUT REINFORCED PLASTICS, WOVEN GLASS... 


THE VAUTOUR HAS 8 MAJOR PARTS OF ITS 
COWLING IN TEXTIGLASS ARMOURED PLASTIC 




















«whenever you have to 
make shaped parts, of any 
dimensions, in large or small 
quantities. 
You will find : 


the mechanical properties of 

metals (11,000 to 85,000 Ibs/sq. 

in.), 

the chemical qualities 

of plastics, 

electric insulation, 

non-corroding. 
TEXTIGLASS, makers of glass fibre 
for reinforcing plastics, are at your 
disposal for advice on your problem. 
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TOURIST RATES: 
ROME-PARIS : 31,400 lire single, 48,130 lire return 
ROME-LONDON : 43,500 lire single, 78,300 lire return 
MILAN-PARIS : 19,700 lire single, 35,460 lire return 
MILAN-LONDON : 31,900 lire single, 57,420 lire return 





Information and reservations from your own trave! agency or any Alitalia office: 
Rome (passengers) : Via L. Bissolati 15, Tel. 470.242 - Telegrams : Alipass 

(freight) : Piazza Augusto Imperatore 39 - Tel. 61.975 - Telegrams : Alimerci 
Milan (passengers and freight): Via G. Verdi 6 - Tel. 802.626 - Telegrams: Alipass 
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ACCIDENT AND CASUALTY INSURANCE COMPANY 
OF WINTERTHUR 


All Aviation Insurances 


Accident insurances 
for passengers and crew 


Liability insurances 
towards third persons and passengers 


Hull insurances 








SOCIETE D’ETUDE DE LA 
PROPULSION PAR REACTION 






® Head office 
37, rue des Acacias 
PARIS 
Tél. ETO 12-06 
RC Seine 340601 B 


Serves the missile industry 








Etablissements Jean Turck (S.A.R.L.) 


19, rue de la Gare — CACHAN (Seine) — Telephone : Alésia 31-80 — FRANCE 


Remote control and measuring equipment 


Radio command systems (Radio-Télé-Commande) 


for continuous operation of a control surface or step-by-step 
control, with protective casing and wiring in series. 


Measurement transmitters (Radio-Télé-Mesure) 
for simultaneous transmission of 6 values with 1 °/ margin of error; 
coloured graphic recording; 
electronic pick-ups for temperature, pressure, etc. 


Detectors and transmitters for infra-red rays; 
glow discharge tubes; miniature lamps; flashing lamps; detectors; thermo elements; 
selective photo-electric cells. 
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You can look to Catiadair as a permanent, reliable, fully 
authorized source for spare parts.for C47/DC3 type aircraft. 


Canadair has in stock thousands of components, assemblies, 
detail parts, accessories, hardware and vendor-items;: 

and requirements that cannot be filled from stock are 
being manufactured to latest specifications. 


Servicing over 100 airlines in 45 different countries, 
Canadair lists among its clientele the world’s 
foremost aircraft operators. 

It will pay you to deal with Canadair 

— an established Company with a world-wide 
reputation for dependable manufacture. 


For further information: European Representative, J. H. Davis, 
Princes House, 190 Piccadilly, London, W1, England. 


CANADAIR 


LIMITED, MONTREAL, CANADA 


CANADAIR HELPS TO KEEP 
your AIRCRAFT FLYING... 


Conadate 





We will gladly mail you 
the Canadair brochure on 
spare parts. 
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Servicing UAT Comet 
at Le Bourget, France 
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The Hydrant Refueling System, pioneered 
and developed by Esso, is the answer to the 
safe and speedy refueling demands of modern 
air carriers. 

In the past, one refueling truck with a 
capacity of up to 4,000 U.S. gallons could 
service most aircraft completely. Today, due 
to the expansion of commercial aviation, and 
to the increased fuel capacities of large trans- 
oceanic planes especially jet transports 
like the de Havilland Comet — refueling with 
conventional mobile units is gradually being 
replaced by Esso Hydrant Refueling Systems 
at many major international airports. 

By eliminating the need for several trucks 
to complete a single refueling operation, the 
Hydrant Refueling System automatically 











Faster Service 


or the JET TRANSPORT ERA! 


lessens traffic congestion at airport terminals. 
Furthermore, it has the great advantage of 
combining speedy servicing with maximum 
safety thus insuring rapid turn-around at all 
times, to all aircraft. 


Just one more reason why : 


of all the World’s International Airlines 
ia 8 out of 10 use 
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